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OBJECTIVES  OF  THE  CONFERENCE 

James  D.    Perry—' 

It  is  obvious  from  the  program  that  this  conference  is  not  an  attennpt 
to  derive  another  list  of  plants  which  are  endangered  in  one  way  or  another. 
Rather,    it  is  an  effort  to  arrive  at  some  ways  of  standardizing  our  screening 
procedures  and  research  priorities.     It  is  generally  agreed  that  we  must 
strengthen  and  broaden  our  knowledge  of  plant  distributions,    of  habitat 
preferences,    of  population  dynamics,    and  of  species  biology  in  general. 
Although  we  all  have  some  built-in  notion  of  what  species  are  rare  or 
endangered  in  our  areas,    we  need  sonne  workable  definitions  to  use  in 
classifying  these,    and  the  first  two  papers  concern  this. 

Subsequent  papers  explore  federal  and  state  legislation  affecting  our 
actions  and  the  question  of  propagation  and  commercial  exploitation  of 
endangered  plants,    such  as  the  Venus'  fly-trap. 

In  the  second  session,    five  papers  concern  preservation  of  sufficient 
suitable  habitat- -natural  areas  or  even  whole  communities --and  on  what 
bases  such  areas  may  be  considered  worthy  of  preservation.      The  remain- 
ing papers  present  research  needs,    dealing  with  what  botanists  should  do 
to  expand  knowledge  of  species  biology  and  distribution.      This  is  a  pressing 
need  of  professional  foresters  and  others  who  manage  public  lands.     In 
order  to  manage  public  lands  in  such  a  way  as  to  preserve  areas  critical 
to  given  species,    field  personnel  need  to  know  what  these  species  are  and 
what  their  requirements  are.     In  addition,    field  personnel  may  lack  the 
time  or  training  to  identify  plants  limited  in  distribution.     An  efficient 
means  of  inventory,    storage,    and  retrieval  of  information  is  needed. 

Some  of  the  questions  we  must  face,    and  hopefully  reach  some  consensus 
about,    are:     1)    How  may  we  categorize  endangered  species  in  a  realistic  and 
consistent  way  from  state  to  state  so  future  legislation  will  have  teeth  in  it? 
2)     What  are  the  best  ways  to  preserve  rare,    endangered,    and  endemic 
species  ?     3)    What  research  approaches  do  we  need  in  order  to  establish 
priorities  as  time  runs  out? 

This  conference  was  also  envisioned  as  a  means  of  communicating,    so 
that  we  from  various  states  can  find  out  what  those  in  other  states  are  doing 
and  the  different  problems  being  faced. 


-     Chairman,    Department  of  Biology,    University  of  North  Carolina  at  Asheville, 


ON  UNIVERSITY  UBRARYi 


DEFINITION  AND  CLASSIFICATION  OF  ENDANGERED 
AND  THREATENED  PLANT  SPECIES 

James  F.  Matthews-*- 

Abstract  —  Definitions  and  categories  of  classification 
for  endangered  and  threatened  vascular  plants,  as  determined 
by  the  N.C.  Endangered  and  Threatened  Plant  Committee,  are  de- 
tailed, along  with  the  philosophical  guidelines  used  in  pro- 
ducing a  primary  list  of  rare  species  and  a  secondary  list  of 
endangered  and  threatened  peripheral  species. 

The  definition  and  classification  of  endangered  and  threatened  species 
is  the  heart  of  any  successful  effort  in  conservation  and  protection.   Ev- 
eryone interested  in  endangered  and  threatened  species  has  probably  been 
frustrated  by  plans,  programs,  definitions  and  lists  which  often  compli- 
cate the  situation  rather  than  improve  it.   We  of  the  North  Carolina  En- 
dangered and  Threatened  Plant  Committee  (The  Committee  is  listed  at  the 
end  of  this  paper.)  have  felt  this  same  frustration.   While  meeting  to 
prepare  a  report  for  a  state-wide  Symposium  on  Endangered  and  Threatened 
Biota  in  November   1975,  we  decided  to  make  some  decisions,  right  or  wrong, 
to  initiate  positive  action  toward  conservation  and  protection. 

We  had  to  analyze  those  species  to  be  included,  define  the  categories 
and  evaluate  the  current  status  of  each  species  all  in  the  context  of  the 
long  range  process  of  conservation.   The  full  text  of  that  Symposium  is 
being  published  by  the  North  Carolina  State  Museum  of  Natural  History  and 
will  be  available  through  the  Museum. 

What  I  want  to  do  today  is  to  discuss  some  of  the  definitions  and  cat- 
egories, and  to  give  some  of  the  philosophical  concepts  used  in  reaching 
decisions.   First,  it  is  important  to  recognize  that  each  state  cannot  in- 
dependently develop  a  list  of  endangered  and  threatened  species  now  that 
the  Federal  Government  has  published  a  list  through  the  Smithsonian  Insti- 
tution (1974)  and  through  the  Department  of  Interior  Fish  and  Wildlife 
Service  (1975).   Every  state  list  should  be  so  carefully  compiled  that  it 
would  stand  up  in  court,  as  it  will  be  tested  in  the  halls  of  the  State 
Legislature.   Inclusion  of  all  the  popular  wildflowers  produces  a  list  that 
cannot  be  defended,  ends  up  being  riddled,  thus  losing  its  veracity.   How 
do  you  defend  the  query  "But  the  Federal  List  has  only  88  species  for  our 
state  and  yours  has  320,  why  the  discrepancy?"  We  were  committed  to  gen- 
erating a  defendable  primary  list  of  species,  realizing  that  many  of  the 
showy,  dramatic,  and  peripheral  species  would  be  omitted.   Because  of  this, 
we  also  developed  a  secondary  list  of  endangered  and  threatened  peripheral 
species.   Developing  different  lists  with  the  possibility  of  various  levels 
of  concern  dictates  different  laws  to  govern  each  category,  an  aspect  that 
will  be  discussed  in  a  later  paper. 


-'-Professor  of  Biology,  University  of  North  Carolina,  Charlotte,  N.  C. 
28223. 


Finally,  we  tried  not  to  become  involved  in  the  futile  exercise  of 
perserving  names.   As  Core  (1955)  so  aptly  said  it,  "Diversity  is  not 
merely  subjective  or  superficial.   It  is  the  result  of  fundamental  discon- 
tinuity of  genetic  systems."  We  wanted  to  recognize  the  diversity  in  the 
North  Carolina  flora  as  realistically  as  possible.   Our  basic  reference 
was  the  Manual  of  the  Vascular  Flora  of  the  Carolinas  (Radford  et^   al, 
1968),  and  our  nomenclature,  for  the  most  part,  follows  their  interpreta- 
tion.  We  included  91  species  in  the  primary  list.   Some  of  these  are  hy- 
brids, and  some  have  infraspecif ic  designations.   Chance  hybrids  were  not 
included,  but  species  of  well  documented  ancient  hybrid  origin,  such  as 
Wright's  cliff-break  fern  (Pellaea  X  wrightiana  Hooker)  and  the  Tennessee 
bladder  fern  (Cystopteris  X  tennesseensis  Shaver)  were  included  because 
they  represent  distinct  species  of  no  less  concern  than  those  derived  by 
other  mechanisms.   Spontaneous  hybrids,  even  though  given  a  binomial  name 
such  as  Habenaria  X  andrewsii  White  ex  Nile  or  Lysimachia  X  radfordii 
Ahles,  however  rare,  were  not  included,  especially  since  the  parental  gene 
pools  are  known. 

In  the  infraspecif ic  category,  we  wanted  to  recognize  any  gene  pool 
designated  as  a  subspecies  or  variety  which  fit  our  criteria  for  species 
included  on  the  list,  i.e.  Mountain  paper  birch  (Betula  papyrifera  var. 
cordifolia  (Kegel)  Feimald) .   The  degree  of  taxonomic  discontinuity  is  not 
as  important  as  genetic  discontinuity.   Whether  we,  as  taxonomists,  call 
something  a  species,  subspecies  or  variety  is  insignificant  if  we  are  con- 
cerned with  preserving  unique  genotypes. 

We  accepted  the  Smithsonian  definition  of  endangered  and  threatened 
as  a  working  model,  with  some  modifications:   Endangered:   An  endangered 
species  is  one  whose  survival  in  North  Carolina  is  known  to  be  in  serious 
jeopardy.   Its  peril  may  result  from  destruction  or  drastic  modification 
of  its  specific  habitat,  over-exploitation  by  man,  disease,  predation,  or 
specific  competition  due  to  natural  succession.   An  endangered  species 
must  receive  protection,  or  extinction  in  North  Carolina  probably  will 
follow.   Threatened:   A  threatened  species  is  one  that  may  likely  become 
endangered  if  its  habitat  is  not  maintained,  or  if  it  is  greatly  exploited 
by  man.   These  are  often  quite  rare  in  North  Carolina  and  should  be  moni- 
tored continuously.   They  must  receive  protection  within  the  state. 

Defining  the  term  rare  is  quite  difficult,  because  rareness  involves 
two  variables,  first  the  overall  distribution  and  second  the  relative  den- 
sity or  frequency  of  individual  plants  within  that  distribution.   The 
limits  of  both  variables  are  entirely  subjective.   A  species,  i.e.,  Bladen 
buttercup  (Ranunculus  subcordatus  E.  0.  Beal) ,  may  be  rare  because  it  is 
represented  by  very  few  individual  plants  and  is  restricted  to  a  limited 
geographical  area.   Another,  the  Lewis'  heart  leaf  (Hexastylis  lewisii 
(Fernald)  Blomquist  &  Costing)  may  be  rare  because  it  occurs  over  a  fairly 
broad  range  but  is  in  very  low  density,  while  another,  the  Oconee  bells 
(Shortia  galacifolia  T.  &  G.),  may  be  rare  because  of  a  very  limited  total 
distribution  within  which  it  is  locally  abundant.   Characterizing  species 
as  being  rare  depends  on  the  interpretation  of  these  variables.   Addition- 
ally in  North  Carolina,  we  found  that  species  are  rare  because  they  may  be 
long  range  disjuncts  or  endemics,  or  they  may  be  at  the  periphery  of  their 
range . 


A  long  range  disjunct  is  a  rare  segment  of  a  species  population  which 
is  significantly  separated  from  the  main  area  of  distribution.   Wright's 
cliff-break  (P.  X  wrightiana  Hooker)  is  now  reported  from  two  sites  in  the 
North  Carolina  Piedmont,  but  is  nearly  1,000  miles  east  of  its  normal  range 
in  the  southwestern  United  States. 

An  endemic  is  a  species  which  has  its  native  area  totally  confined  to 
a  small  area  of  North  Carolina,  and  possibly  adjacent  neighboring  states. 
For  a  strict  North  Carolina  endemic,  Mountain  golden  heather  (Hudsonia 
montana  Nuttall)  can  be  cited;  for  an  endemic  extending  into  a  neighboring 
state,  the  Venus'  fly-trap  (Dionaea  muscipula  Ellis),  occurring  in  three 
counties  of  South  Carolina,  is  an  example. 

An  extinct  species  is  one  which  was  endemic  in  earlier  times  but  is 
no  longer  found.   The  Bigleaf  scurf pea  (Psoralia  macrophylla  Rowlee  ex 
Small)  was  collected  only  once  in  1897  in  Polk  County.   An  extirpated 
species  is  a  disjunct  or  peripheral  species  which  is  no  longer  found  in 
North  Carolina  but  still  occurs  elsewhere.   Sweet  gale  (Gale  palustris 
(Lam.)  Chev.),  a  disjunct  from  Pennsylvania  northward,  did  occur  in  Hender- 
son County. 

Peripheral  species  may  be  fairly  common  north,  west  and  south,  but 
rare  at  the  terminus  of  their  distribution  in  North  Carolina.   These  na- 
tive, peripheral  species  represent  an  integral  part  of  the  North  Carolina 
flora.   Their  elimination  here  may  represent  a  significant  reduction  in 
the  gene  pool  of  that  species.   The  Palmetto  palm  (Sabal  palmetto  Lodd.  ex 
Schultes)  provides  a  good  example  of  this.   In  fact,  we  have  included  319 
species  in  the  secondary  list  of  endangered  and  threatened  peripheral 
species. 

Exploitation  is  also  a  threat  to  some  species.   Ginseng  (Panax 
quinquef olium  L. ) ,  Goldenseal  (Hydrastis  canadensis  L.)  and  Venus'  fly-trap 
(D.  muscipula  Ellis)  all  face  the  problem  of  over-zealous  collecting. 
Often,  labelling  a  species  as  rare  hastens  its  destruction  as  enthusiasts 
rush  to  "protect"  it  by  transplanting  into  gardens.   Management,  to  permit 
survival  in  nature,  does  not  always  mean  leaving  it  alone.   The  necessity 
for  periodic  burning  to  maintain  the  population  competitiveness  of  pitcher 
plants  (Sarracenia  sp.)  is  a  prime  example. 

Combining  the  reasons  for  rareness  with  the  concepts  of  endangered 
and  threatened  permits  eight  categories.   Value  judgments  must  then  be  made 
as  to  the  proper  category  for  each  species.   Table  1  shows  a  portion  of 
the  designations  of  the  91  species  of  primary  concern.   It  should  be  point- 
ed out  that  the  category  of  a  particular  species  can  change  as  additional 
information  becomes  available.   Note  that  exploited  species  carry  double 
designations.   If  an  extinct  or  extirpated  species  is  ever  found,  it  will 
automatically  be  transferred  to  the  endangered  category. 

As  noted  above,  the  primary  list  contains  91  species  (2.7%  of  the 
vascular  flora)  and  the  secondary  peripheral  list,  319,  for  a  total  of  410 
rare  species  of  native  vascular  plants  in  North  Carolina.   This  total  rep- 
resents 12%  of  the  total  vascular  flora.   These  lists  are  different  from 
those  compiled  by  the  Smithsonian  Institution  in  1974,  the  North  Carolina 


Table  1.  —  Categories  of  extinct,  endangered, 

threatened  and  exploited  vascular  plants 
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Department  of  Natural  and  Economic  Resources  in  1973,  and  the  North  Caro- 
lina Garden  Clubs  and  North  Carolina  Wild  Flower  Preservation  Society.   We 
are  not  saying  that  these  lists  are  wrong  or  that  these  species  are  the 
only  ones  worthy  of  preservation.   We  need  to  be  concerned  with  the  pres- 
ervation of  all  3,400  species  of  vascular  plants  in  the  state.   The  list  is 
incomplete,  but  will  be  updated  with  additions,  deletions,  changes  of 
status,  and  additional  county  distributions. 

N.C.  Endangered  and  Threatened  Plant  Committee: 

J.  W.  Hardin,  Chm. ,  N.C.  State  Univ. 

R.  L.  Kologiski,  N.C.  State  Univ. 

J.  R.  Massey,  UNC-Chapel  Hill 

J.  F.  Matthews,  UNC-Charlotte 

J.  D.  Pittillo,  Western  Carolina  Univ. 

A.  E.  Radford,  UNC-Chapel  Hill 
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DEFINITION  AND  CLASSIFICATION  OF  ENDANGERED  AND  THREATENED 

PLANT  SPECIES 

Thomas  M.  Pullen  ]_/ 

Abstract. --Suggestions  are  proposed  for  dealing  with  the 
ambiguities  which  exist  in  definitions  of  terms  used  to  describe 
the  relative  abundance  of  plant  species. 

Additional  keywords:  Rare  plants. 

During  the  last  few  years  scientists,  government  officials  and  agencies, 
and  informed  citizens  have  become  more,  and  more  concerned  about  the  increasing 
rate  of  extinctions  among  extant  species  of  plants.  This  has  focused  atten- 
tion on  the  necessity  for  taking  inventory  and  evaluating  the  status  of  those 
species  which  still  remain,  and  to  develop  workable  conservation  plans  for  those 
found  to  be  endangered. 

Many  efforts  toward  this  end  have  been  launched  in  recent  years.  Some  have 
been  at  the  state  level,  others  on  a  regional  basis,  and  as  a  result  of  the  pas- 
sage by  Congress  of  the  Endangered  Species  Act  of  1973,  Public  Law  93-205,  at 
the  national  level.  One  of  the  difficulties  encountered  in  such  efforts  has 
been,  and  still  is,  adequate  definition  of  what  constitutes  a  rare  and/or  endan- 
gered species.  The  major  purpose  of  this  paper  is  to  have  a  look  at  this  problem. 

DISCUSSION 

We  find  the  literature  replete  with  terms  describing  the  relative  abundance 
or  the  status  of  plant  species.  Among  those  most  frequently  encountered  are 
common,  uncommon,  rare,  sporadic,  threatened,  endangered,  and  extinct.  There  is 
little  disagreement  as  to  the  meaning  of  the  term  extinct.  Uhen  repeated  searches 
of  sites  where  a  plant  once  grew  and  of  nearby  similar  habitats  fails  to  uncover 
the  plant,  there  can  be  little  disagreement  that  the  plant  no  longer  exists.  On 
the  other  hand,  definitions  of  the  other  and  similar  terms  are  "^ery   inexact.  A 
species  that  is  considered  common  in  North  Carolina  might  be  rated  as  rare  in 
Mississippi.  Most  botanists  usually  consider  a  species  rare  when  the  plants  exist 
in  small  numbers  or  when  they  d^rQ   few  and  widely  separated.  Thi:  situations  exists 
either  because  there  have  never  been  many  of  these  plants  on  the  earth  or  they  have 
reached  their  present  status  due  to  depredations  of  man  or  other  animals  or  disease, 
In  any  case  rare  plants,  by  their  y^ry   nature  should  be  considered  threatened  or 
endangered. 

The  author  suggests  the  adoption  of  the  definitions  set  forth  in  the  Endan- 
gered Species  Act  of  1973  for  those  species  we  are  most  concerned  about.  Therein 
we  find  the  two  terms  "endangered"  and  "threatened."  Endangered  species  are 
defined  as  "those  in  danger  of  extinction  throughout  all  or  a  significant  portion 
of  their  ranges."  Threatened  species  "are  those  which  are  likely  to  become  endan- 


1/  Professor  of  Biology  and  Curator  of  the  Herbarium,  University 
of  Mississippi,  University,  Mississippi  38677. 


gered  within  the  foreseeable  future  throughout  all  or  a  significant  portion  of 
their  ranges."  The  law  establishes  the  following  criteria  for  determining 
whether  a  species  should  be  listed  as  an  endangered  species: 

1.  "The  present  or  threatened  destruction,  modification,  or 

curtailment  of  its  habitat  or  range; 

2.  Overutilization  for  commercial,  sporting,  scientific 
or  educational  purposes; 

3.  Disease  or  predation; 

4.  The  inadequacy  of  existing  regul atony  mechanisms;  or 

5.  Other  natural  or  man-made  factors  affecting  its 
continued  existence." 

We  are  all  familiar  with  the  list  of  endangered,  threatened,  or  extinct 
plant  species  of  the  United  States  prepared  by  the  Smithsonian  Institution  as 
a  result  of  the  passage  of  the  Endangered  Species  Act.  We  are  also  grateful 
for  the  tremendous  effort  that  went  into  this  undertaking.  There  can  be  no 
doubt  of  the  value  of  such  a  national  effort  but  the  author  believes  that  state 
and  local  lists  are  also  very  important.  Locally  imperiled  species  should  be 
preserved  even  though  they  may  be  abundant  elsewhere. 


A  REVIEW  OF  THE  ENDANGERED  SPECIES  ACT  OF  1973 
James  D.  Williams  and  Gail  S.  Baker 
OFFICE  OF  ENDANGERED  SPECIES  AND  INTERNATIONAL  ACTIVITIES 
U.So  FISH  AND  WILDLIFE  SERVICE 
WASHINGTON,  D.C. 

The  Endangered  Species  Act  of  1973  is  the  strongest  legislation 
ever  enacted  to  protect  Endangered  and  Threatened  plants  and  ani- 
mals. The  Act  gives  the  Department  of  Commerce  and  the  Interior 
regulatory  and  statutory  authority  on  Endangered  and  Threatened 
fauna  and  flora.  The  1973  Act  provides  for  two  categories  of  spe- 
cies listing.  Endangered  and  Threatened,  as  opposed  to  one  category. 
Endangered,  in  the  1969  Act.  Also  new  are  provisions  for  State 
cooperation  and  participation  in  the  program  through  cooperative 
agreements,  grants-in-aid  funding,  and  other  incentives „  The 
1973  Act  calls  for  participation  where  appropriate  by  all  Federal 
Agencies  and  directs  that  no  Federal  funds  can  be  utilized  for 
an  activity  that  would  be  detrimental  to  an  Endangered  or  Threat- 
ened species. 

This  presentation  is  based  on  a  reveiw  of  the  Endangered  Species  Act 
prepared  by  the  staff  biologists  of  the  Office  of  Endangered  Species  and  Inter- 
national Activities o  The  Endangered  Species  Act  of  1973  (hereinafter  referred 
to  as  the  Act)  was  passed  by  the  93rd  Congress  and  signed  into  law  by  the  Pres- 
ident of  the  United  States  on  December  28,  1973.  The  Act  is  the  strongest 
legislation  ever  enacted  to  preserve,  and  protect  Endangered  and  Threatened 
animals  and  plants.  The  Act  expands  upon  previous  acts  on  Endangered  species, 
the  most  recent  being  the  Endangered  Species  Conservation  Act  of  1969 »  The 
1973  Act  provides  for  two  categories  of  species  listing,  Endsngered  and 
Threatened,  as  opposed  to  one  previous  category  of  endangered  in  the  1969  Act. 
It  allows  for  listing  on  a  population  basis  for  animals  of  any  group.  Also 
new  are  provisions  for  State  cooperation  and  participation  in  the  program 
through  cooperative  agreements,  grants-in-aid  funding,  and  other  incentives. 
The  new  Act  calls  for  participation  where  appropriate  by  all  Federal  agen- 
cies and  directs  that  no  Federal  funds  can  be  utilized  for  an  activity  that 
would  be  detrimental  to  an  Endangered  species. 

The  Endangered  Species  Act  of  1973  is  a  very  complex  piece  of  legis- 
lation and  has  frequently  led  to  confusion  and  various  erroneous  interpre- 
tations. The  following  is  a  brief  review  of  the  Act  section  by  section  to 
point  out  some  of  the  more  important  features  of  the  Act.  The  following 
paper  by  Baker  and  MacBryde  explains  the  provisions  of  the  Act  for  plants <, 

Section  2.   Findings,  Purposes,  and  Policy 

Section  2  presents  the  reasons  for  the  Act.   Because  of  man's  activi- 
ties, species  of  wildlife  have  become  extinct  and  other  species  are  presently 
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faced  with  the  threat  of  extinctiono  Recognized  are  the  educational,  sci- 
entific, recreational,  historical  and  esthetic  values  of  endangered  and 
threatened  species.  The  need  for  protection  of  Endangered  species  and 
Threatened  species  is  a  world-wide  problem  and  has  been  recognized  by  inter- 
national treaties  and  conventions.  The  Act  provides  a  tool  to  implement 
international  commitments.  The  States  and  other  interested  parties  are  an 
integral  part  of  the  program  to  meet  both  national  and  international  needs 
for  protection  of  wildlife.  Through  Federal  financial  assistance  and  other 
incentives  State  participation  is  to  be  encouraged. 

The  purposes  of  the  Act  are  to  conserve  the  ecosystems  upon  which 
Endangered  and  Threatened  species  depend,  and  provide  a  program  for  the 
conservation  of  such  species.  The  Act  also  insures  that  the  U.S.  lives  up 
to  the  international  treaties  and  conventions  on  conservation  to  which  it  is 
a  party.  Finally,  Congress  declared  that  it  was  their  policy  that  all  Federal 
departments  and  agencies  should  seek  to  conserve  Endangered  and  Threatened 
species  and  should  utilize  their  authorities  in  furtherance  of  the  purpose 
of  the  Act. 

Section  3.  Definitions  n  -ni 

There  are  16  terms  which  are  defined  for  the  purposes  of  the  Act.  Selec- 
ted definitions  of  terms  whose  meanings  are  important  keys  to  interpretation 
of  certain  sections  of  the  Act  are  as  follows: 

(2)  The  terms  "conserve,"  "conserving,"  and  "conservation"  mean  to  use  and 
the  use  of  all  methods  and  procedures  which  are  necessary  to  bring  and  Endan- 
gered species  or  Threatened  species  to  the  point  at  which  the  measure  pro- 
vided pursuant  to  this  Act  are  no  longer  necessary.  Such  methods  and  pro- 
cedures include,  but  are  not  limited  to,  all  activities  associated  with 
scientific  resources  management  such  as  research,  census,  law  enforcement, 
habitat  acquisition  and  maintenance,  propagation,  live  trapping,  and  trans- 
plantation, and,  in  the  extraordinary  case  where  population  pressures  with- 
in a  given  ecosystem  cannot  be  otherwise  relieved,  may  include  regulated 
taking.  To  most  wildlife  managers,  the  term  conserve  as  used  in  the  Act 
means  management. 

(4)  The  term  "Endangered  species"  means  any  species  which  is  in  danger  of 
extinction  throughout  all  or  a  significant  portion  of  its  range  other  than 
a  species  of  the  Class  Insecta  determined  by  the  Secretary  to  constitute  a 
pest  whose  protection  under  the  provisions  of  this  Act  would  present  over- 
whelming and  overriding  risk  to  man. 

(5)  The  term  "fish  and  wildlife"  means  any  member  of  the  animal  kingdom, 
including  without  limitation  any  mammal,  fish,  bird  (including  any  migra- 
tory, or  endangered  bird  for  which  protection  is  also  afforded  by  treaty 
or  other  international  agreement),  amphibian,  reptile,  mollusk,  crustacean, 
arthropod  or  other  invertebrate,  and  includes  any  part,  product,  egg,  or 
offspring  thereof,  or  the  dead  body  or  parts  thereof. 

(9)  The  term  "plant"  means  any  member  of  the  plant  kingdom,  including  seeds, 
root,  and  other  parts  thereof. 


(11)  The  term  "species"  includes  any  subspecies  of  fish  or  wildlife  or  plants 
and  any  other  group  of  fish  or  wildlife  of  the  same  species  or  smaller  taxa 
in  common  spatial  arrangement  that  interbreed  when  mature. 

(14)  The  term  "take"  means  to  harass,  harm,  pursue,  hunt,  shoot,  wound,  kill, 
trap,  capture,  or  collect,  or  to  attempt  to  engage  in  any  such  conduct. 

(15)  The  term  "Threatened  species"  means  any  species  which  is  likely  to 
become  an  endangered  species  within  the  foreseeable  future  throughout  all 
or  a  significant  portion  of  its  range. 

Section  4o  Determination  of  Endangered  and  Tlireatened  Species 

Section  4  provides  for  the  determination  of  Endangered  and  Threatened 
species.  The  determination  of  a  species  as  "Endangered"  or  "Threatened" 
is  based  upon  one  or  more  of  the  following  factors: 

(1)  The  present  or  threatened  destruction,  modification,  or  cur- 
tailment of  its  habitat  or  range; 

(2)  Overutilization  for  commercial,  sporting,  scientific,  or  educa- 
tional purposes; 

(3)  Disease  or  predation; 

(4)  The  inadequacy  of  existing  regulatory  mechanisms;  or 

(5)  Other  natural  or  man-made  factors  affecting  its  continued 
existence. 

The  Secretary  of  Commerce  bears  the  prime  responsibility  for  the  deter- 
mination of  Endangered  or  Threatened  marine  species.  The  Secretary  of  the 
Interior  has  the  responsibility  for  all  other  species,  plus  the  actual 
determination  process  for  all  species.  The  procedures  involved    are 
detailed  in  the  flow  chart  in  Figure  1, 

When  species  are  determined  to  be  Threatened,  regulations  that  are  neces- 
sary for  protection  and  management  may  be  issued  by  the  Secretary.  However, 
it  may  not  be  necessary  to  issue  any  regulations  for  some  species.  The  Sec- 
retary can  issue  regulations  that  prohibit  any  act  that  is  promulgated 
under  Section  9  of  the  Act.  An  exception  to  this  is  when  a  State  has  entered 
into  a  cooperative  agreement,  than  only  those  regulations  which  have  been 
adopted  by  the  State  for  taking  threatened  resident  species  of  wildlife  shall 
apply. 

When  a  species  is  similar  in  appearance  to  an  Endangered  or  Threatened 
species,  regulations  can  be  issued  for  this  species  to  insure  protection  of 
the  Endangered  or  Threatened  species.  The  reasons  for  this  are  to  avoid 
difficulties  of  identification  by  law  enforcement  personnel,  prevent  addi- 
tional threats  to  Endangered  or  Threatened  species  and  further  the  intent  of 
the  Act. 

All  regulations  by  the  Secretary  will  be  published  in  the  Federal 
Register  after  consultation  with  appropriate  State  and  Federal  agencies  and 
interested  persons  and  organizations. 
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FIGURE  1     GENERAL  PROCEDURES  FOR 
MODIFYING  LISTS  OF  THREATENED  OR  ENDANGERED  SPECIES 
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At  the  present  time  (April  1976)  the  official  list  contains  a  total 
of  427  Endangered  species  and  11  Threatened  species  of  both  foreign  and 
domestic  origins.  Of  the  427  species,  147  are  Endangered  or  Threatened 
species  found  in  the  U.S.  and  its  territories.  The  present  U.S.  lists  of 
Endangered  and  Threatened  species  includes  33  mammals,  66  birds,  8  reptiles 
4  amphibians,  34  fishes,  and  2  insects.  The  list  does  not  include  all  of  the 
species  found  in  the  U.S.  Fish  and  Wildlife  1973  Red  Booko   It  is  anticipa- 
ted that  the  restructuring  of  the  list  should  occur  within  the  next  year. 
There  are  no  plants  on  the  list  at  this  time. 

Section  5.   Land  Acquisition 

This  section  authorizes  acquisition  of  land  and  water  habitat  for 
Endangered  and  Threatened  species  using  Land  and  Water  Conservation  funds. 
This  provision  was  also  present  in  the  1966  and  1969  Acts.  To  date  more 
than  40,000  acres  of  habitat  for  11  Endangered  species  has  been  acquired 
at  the  cost  of  approximately  13  million  dollars. 

Section  6.  Cooperation  with  States 

This  section  of  the  Act  recognizes  the  need  for  close  cooperation 
with  the  States  and  provides  for  management  agreements  and  cooperative 
agreements  to  assist  the  States  with  their  programs.  Management  agree- 
ments between  States  and  the  Fish  and  Wildlife  Service  provide  for  admini- 
stration and  management  of  areas  established  for  the  conservation  of 
Endangered  species  or  Threatened  species.   In  cases  where  conflicts  arise 
between  State  and  Federal  laws  or  regulations,  the  more  restrictive  laws  or 
regulations  shall  apply. 

Cooperative  agreements,  among  other  things,  provide  for  Federal  assis- 
tance to  the  States  for  implementation  of  State  Endangered  and  Threatened 
species  programs.  For  a  State  to  be  eligible  for  a  cooperative  agreement 
with  the  Fish  and  Wildlife  Service,  the  State  agency  must  have: 

(1)  Authority  to  conserve  species  that  have  been  determined  by  the 
State  or  the  Fish  and  Wildlife  Service  to  be  Endangered  or 
Threatened.  This  authority  should  be  broad  enough  to  cover 
additional  species  that  may  be  listed  in  the  future, 

(2)  Acceptable  conservation  programs  for  all  resident  fish  or 
wildlife  species  in  the  State  that  has  been  determined  to  be 
Endangered  or  Threatened  by  the  U.S.  Fish  and  Wildlife  Service. 

(3)  Authority  to  conduct  investigations. 

(4)  Authority  to  acquire  land  or  aquatic  habitats  for  conservation 
of  resident  Endangered  and  Threatened  species. 

(5)  Provisions  for  public  participation  in  designating  resident 
Endangered  species  or  Threatened  species. 

Cooperative  agreements  provide  for  1)  the  actions  that  are  to  be  taken  by 
the  Secretary  and  the  States,  2)  the  benefits  that  are  expected  to  be  derived 
by  the  cooperative  program,  3)  the  estimated  cost  of  the  actions,  and  4)  the 
share  of  the  costs  by  the  Federal  Government  and  the  States,  The  Federal 
share  shall  not  exceed  two-thirds  of  the  estimated  program  costs;  however, 
this  share  can  be  increased  to  75%  for  species  shared  by  two  or  more  States. 
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Review  of  the  State's  programs  must  be  made  at  least  annually  to  assure 
that  their  programs  are  effective  and  that  legal  authorities  are  still 
appropriate. 

Section  7.   Interagency  Cooperation 

Section  7  charges  the  Secretary  to  review  all  Department  of  Interior 
programs  and  to  use  these  programs  for  furtherance  of  the  Act,  All  other 
Federal  agencies  in  consultation  with  the  Secretary  and  his  assistants, 
are  to  utilize  their  authorities  in  furtherance  of  the  Act  by  carrying  out 
programs  for  the  conservation  of  Endangered  and  Threatened  species.  These 
agencies  are  also  to  insure  that  actions  authorized,  funded,  or  carried  out 
by  them  do  not  jeopardize  the  continued  existence  of  these  species  or  result 
in  the  destruction  or  adverse  modification  of  habitat  that  is  determined 
to  be  critical  for  them  by  the  Secretary  after  consultation  with  the 
affected  States. 

Section  8.   International  Cooperation 

This  section  provides  for  international  programs  for  Endangered  ani- 
mal and  plant  species.  Among  other  items,  this  section  provides  the  mechan- 
ics for  financial  assistance,  encouragement  of  foreign  programs,  personnel, 
investigations,  and  implementation  of  the  Convention  on  International  Trade 
in  Endangered  Species  of  Wild  Fauna  and  Flora. 

Section  9.  Prohibited  Acts 

Two  important  prohibitions  under  the  Act  make  it  unlawful  for  any  person 
subject  to  the  jurisdiction  of  the  United  States  to  take  any  Endangered  fish 
or  wildlife  species  within  the  United  States  or  the  United  States  Territor- 
ial Sea  (take  means  harass,  harm,  pursue,  hunt,  shoot,  kill,  trap,  capture, 
or  collect,  or  attempt  to  engage  in  any  such  activity),  and  to  violate 
any  of  the  regulations  that  may  be  promulgated  by  the  U.S.  Fish  and  Wild- 
life Service  for  Threatened  fish  or  wildlife  species.   It  is  also  unlawful 
for  any  person  to  violate  regulations  promulgated  by  the  Secretary  on  Threa- 
tened plant  species.  The  Act  does  not  prohibit  the  "taking"  of  Endangered 
or  Threatened  plant  species. 

Section  9  also  deals  with  Endangered  and/or  Threatened  species  held  in 
captivity,  with  violations  of  the  Convention,  and  with  import/export  only 
via  official  ports  designated. 

Section  10,   Permits 

Permits  may  be  issued  by  the  Fish  and  Wildlife  Service  that  would 
allow  certain  actions  that  are  prohibited  under  the  Act  (e.g.,  taking  of 
Endangered  and  Threatened  species  of  fish  and  wildlife).   These  permits 
are  issued  for  scientific  purposes  or  for  propagation  or  survival  programs 
that  would  enhance  the  species.   An  application  for  a  permit  must  be  filed 
with  the  U.S.  Fish  and  Wildlife  Service  which  then  reviews  and  publishes 
the  application  in  the  Federal  Register  for  a  30-day  period.   If  no  valid, 
adverse  biological  comments  are  received,  the  permit  is  then  issued  to 
the  individual  that  will  be  conducting  the  programs  or  activities. 
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Section  11.  Penalties  and  Enforcement 

Section  11  expresses  the  civil  penalties  that  can  be  assessed  by  the 
Secretary  on  persons  who  violate  the  Act.   It  also  covers  criminal  viola- 
tions, rewards,  district  court  jurisdiction,  and  enforcement.   It  also 
provides  for  citizen  suits  that  can  enjoin  any  person,  including  governmental 
agencies  or  instrumentality  who  is  alleged  to  be  in  violation  of  the  Act, 

Section  12.  Smithsonian  Institution  Report  on  Plants 

Through  this  section,  the  Secretary  of  the  Smithsonian  Insitution,  in 
conjunction  with  affected  agencies,  was  directed  to  review  plant  species  and 
develop  a  recommended  list  and  recommendations  for  conservation  of  Endangered 
and  Threatened  plant  species  within  one  year.  This  information  was  presented 
in  a  report  to  the  Congress  in  December  1974. 

Section  13.  Conforming  Amendments 

This  section  amends  other  acts  to  be  consistent  with  the  Endangered 
Species  Act  of  1973. 

Section  14.  Repeal 

This  section  repeals  the  Endangered  Species  Conservation  Act  of  1969. 

Section  15.  Funding 

This  section  authorizes  funding  for  the  Departments  of  Interior  and 
Commerce  to  carry  out  their  responsibilities  under  the  Act„ 

Section  16.  Date 

This  section  provides  for  the  effective  date  of  the  Act--December  28, 
1974. 

Section  17.  Relationship  to  Man's  Mammal  Protection  Act 

This  section  states  that  except  as  otherwise  provided  for  in  the  Act, 

no  provision  of  the  Act  will  take  prededence  over  any  more  restrictive, 

conflicting  provisions  of  the  Marine  Mammal  Protection  Act  of  1973. 

This  has  been  a  very  brief  review  of  the  Endangered  Species  Act  of 
1973.  For  additional  information,  a  copy  of  the  Act,  various  Federal  Register 
documents  listing  species  and  critical  habitat  and  general  information  on 
Endangered  and  Threatened  species,  please  contact  the  Office  of  Endangered 
Species,  U.S.  Fish  and  Wildlife  Service,  Washington,  D.C,  20240 
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THE  ENDANGERED  AND  THREATENED  PLANT  PROGRAM 
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OFFICE  OF  ENDANGERED  SPECIES  AND  INTERNATIONAL  ACTIVITIES 
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WASHINGTON,  D.C 


The  Endangered  Species  Act  of  1973  differs  from  the  1966  and 
1969  Acts  by  including  plants.  The  Smithsonian  Institution  pre- 
pared a  list  of  3,187  candidate  Endangered  and  Threatened  plant 
taxa  as  required  by  the  Act.  The  U.S.  Fish  and  Wildlife  Service 
accepted  this  list  as  a  petition  in  the  Federal  Register  on 
July  1,  1975.  The  45  foreign  plant  taxa  on  Appendix  I  of  the 
Convention  Fauna  and  Flora  were  published  in  the  Federal  Register 
on  September  26,  1975.  A  major  difference  between  the  treat- 
ment for  plants  and  animals  in  the  Act  is  that  the  "taking"  of 
plants  is  not  regulated,  although  interstate  and  international 
commerce  are. 


The  previous  paper  by  Williams  discusses  the  Endangered  Species  Act 
of  1973  (Public  Law  93-205)  in  general  terms;  this  paper  explains  the 
provisions  of  this  Act  for  plants. 

Previous  Endangered  Species  legislation  (1966  and  1969)  did  not  include 
plants.   In  Section  3  of  the  1973  Act  the  term  "plants"  is  defined  as  "any 
member  of  the  plant  kingdom,  including  seeds,  roots  and  other  parts  thereof." 
Section  2(a)(4)  of  this  Act  specifies  that  the  U.S.  has  pledged  itself  to 
conserve  the  20,000  plants  now  listed  in  the  Appendices  of  the  Convention 
on  International  Trade  in  Endangered  Species  of  Wild  Fauna  and  Flora. 
Section  12  of  the  1973  Act  directs  the  Smithsonian  Institution  to  review 
species  of  plants  which  are  or  may  become  endangered  or  threatened  and  to 
report  to  Congress  within  one  year. 

There  are  several  major  differences  in  how  plants  and  animals  are  dealt 
with  in  the  Endangered  Species  Act  of  1973. 

In  Section  3,  the  term  "species"  is  defined  as  including  "any  subspecies 
of  fish  or  wildlife  or  plants,  and  any  other  group  of  fish  or  wildlife 
of  the  same  species  or  smaller  taxa  in  common  spatial  arrangement  that  inter- 
breed when  mature."  Hence,  population  segments  of  animals  are  included  in 
the  Act,  whereas  population  segments  of  plants  are  not  included. 

Section  5  states  that  land  can  be  purchased  for  the  conservation  of 
Endangered  and  Threatened  wildlife,  fish  or  plants  with  funds  made  avail- 
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able  pursuant  to  the  amended  Land  and  Water  Conservation  Fund  Act  of  1965. 
For  plants  there  is  the  added  restriction  that  they  must  be  included  in 
the  Appendices  to  the  Convention  on  International  Trade  in  Endangered 
Species  of  Wild  Fauna  and  Flora.  This  international  convention  has  been 
ratified  by  the  United  States  and  over  twenty  other  countries,  and  came 
into  force  on  July  1,  1975. 

The  purpose  of  the  Convention  is  to  reduce  the  impact  of  international 
trade  on  plants  and  animals  for  which  this  activity  is  or  may  become  a  threat 
to  their  survival.  These  organisms  are  listed,  depending  on  the  degree  of 
endangerment ,  on  the  three  appendices  of  the  Convention.  Appendix  I,  the 
most  seriously  jeopardized  group  of  animals  and  plants,  includes  only  foreign 
plant  taxa,  but  Appendix  II  includes  the  entire  orchid  and  cactus  families, 
both  of  which  have  many  rare  taxa  in  the  United  States.   Appendix  II  also 
includes  ginseng  (Panax  quiquefolius)  which  is  native  to  North  America, 
Appendix  III  of  the  Convention  includes  no  plants  as  yet,  but  the  United 
States,  as  a  party  to  the  Convention,  can  unilaterally  add  plant  species  to 
this  Appendix  to  prevent  commercial  exploitation. 

Section  6  deals  with  cooperative  agreements  with  States  and  provi- 
sions for  financial  aid  from  the  Federal  government  to  carry  out  these  coop- 
erative programs.  Before  a  State  can  enter  into  a  cooperative  agreement, 
it  must  show  that  a  State  agency  exists  which  has  the  authority  to  establish 
programs,  including  the  acquisition  of  land,  for  the  conservation  of  resi- 
dent Endangered  and  Threatened  species.  There  is  some  question  as  the  whether 
Section  6  applies  to  plants.  The  Fish  and  Wildlife  Service  is  seeking 
authority  to  permit  States  to  enter  into  cooperative  agreements  for  whatever 
Endangered  and  Threatened  species  they  have  authority  to  conserve.  A  decision 
on  this  matter  will  be  reached  shortly. 

Section  7  deals  with  interagency  cooperation,  and  directs  all  Federal 
agencies  to  maintain  programs  for  the  conservation  of  Endangered  and  Threatened 
species.   It  also  directs  them  to  insure  that  actions  authorized,  funded  or 
carried  out  by  them  do  not  Jeopardize  the  existence  of  such  species  or  modify 
Critical  Habitat  of  such  species.  Section  7  is  a  major  strength  of  the  Act 
with  respect  to  plants. 

Perhaps  the  most  important  difference  between  plants  and  animals  in  the 
Act  is  that  the  "taking"  of  Endangered  animals  is  prohibited,  whereas  the 
taking  of  Endangered  plants  is  not.  Section  9  spells  out  the  prohibitions 
for  plants.   It  will  be  unlawful  to: 

(1)  import  or  export  such  plants  to  or  from  the  United  States; 

(2)  transport  such  plants  in  interstate  or  foreign  commerce;  and 

(3)  sell  such  plants  in  interstate  or  foreign  commerce. 

Section  9  does  not  prohibit  or  regulate; 

(1)  the  intrastate  sale  of  such  a  plant;  and 

(2)  interstate  movement  of  such  plants  unless  it  involves 
commercial  activities  which  include  a  change  in 
ownership. 
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Section  10  provides  for  exceptions  to  these  prohibitions.  Permits 
will  be  issued  by  the  U,S,  Fish  and  Wildlife  Service,  as  they  are  for 
Endangered  and  Threatened  animals,  to  carry  out  prohibited  acts  for  scien- 
tific purposes  or  to  enhance  the  propagation  or  survival  of  the  affected 
species. 

Section  12,  as  mentioned  earlier,  directed  the  Secretary  of  the  Smith- 
sonian Institution  to  conduct  the  initial  reveiw  of  possible  Endangered  and 
Threatened  plants,  and  to  recommend  methods  of  adequately  conserving  such 
species.  The  Smithsonian  Institution  was  given  one  year  to  complete  this 
task,  and  their  "Report  on  Endangered  and  Threatened  Plant  Species  of  the 
United  States"  (House  Document  94-51)  was  presented  to  Congress  on  January  9, 
1975,  This  report  contains  the  names  of  over  3000  plant  taxa  which  are  per- 
haps extinct,  or  possible  endangered  or  threatened.  Over  1000  of  these  are 
endemic  to  Hawaii.   Other  States  with  very  large  numbers  of  plants  included  in 
the  report  are  California,  Texas,  and  Florida. 

The  Endangered  Flora  Project  within  the  Department  of  Botany  at  the 
Smithsonian  Institution  was  responsible  for  preparing  the  report.  Their 
lists  were  prepared  by  reviewing  floras,  taxonomic  monographs  and  revisions. 
Also,  taxonomic  specialists  were  consulted  and  some  collections  were  checked 
in  herbaria.  State  lists  of  rare  and  endangered  plants  were  also  used  as 
reference  material.   (The  report  is  not  a  compilation  of  State  lists,  however, 
since  a  plant  may  be  extirpated,  rare  or  endangered  in  one  State,  but  very 
common  in  another.)   In  September  1974,  a  workshop  was  held  under  the  joint 
sponsorship  of  the  Smithsonian  Institution  and  the  Office  of  Endangered 
Species  and  International  Activities  of  the  U.S.  Fish  and  Wildlife  Service. 
The  participants  included  botanists  from  Federal  agencies,  universities  and 
botanical  gardens.  They  reviewed  the  plants  on  a  preliminary  list  and  refined 
it;  much  unpublished  data  and  new  distributional  information  was  used  during 
the  workshop.   Since  the  Smithsonian  Institution  report  lists  plants  found 
basically  in  the  50  States,  species  occurring  outside  the  U.S.  as  well  were 
not  included  unless  their  exact  endangerment  status  outside  the  country  was 
known.  Only  vascular  plants  are  covered  by  the  Act,   (DeFilipps  (1976)  pre- 
sented a  history  of  the  compilation  of  the  report,) 

The  Endangered  Flora  Project  at  the  Smithsonian  Institution  has  continued 
its  work.  The  lists  of  plants  in  the  original  report  have  been  revised  on  the 
basis  of  comments  received  both  by  the  Smithsonian  and  the  Fish  and  Wildlife 
Service.   The  revised  lists  will  be  published  in  May  or  June  of  1976.   In 
addition,  the  Endangered  Flora  Project  personnel  are  preparing  computerized 
distribution  maps  of  the  localities  of  the  exploited  plants  listed  in  the 
report,  and  computerized  information  sheets  for  the  plants  included  in  their 
revised  lists.  They  are  also  preparing  a  series  of  Red  Data  Book  entries  of 
U.S.  plants  for  the  I. U.C.N.  Red  Data  Book  on  Angiosperms.  This  series  includes 
representatives  of  different  geographical  regions,  diverse  plant  families  and 
various  kinds  of  threats. 

The  U.S.  Fish  and  Wildlife  Service  regards  the  Smithsonian  Institution's 
report  to  be  a  "petition"  as  provided  for  in  Section  4(c)(2)  of  the  Act,  On 
July  1,  1975,  the  Smithsonian  Institution's  list  (plus  a  few  additions  and 
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corrections)  was  published  as  a  "Notice  of  Review"  in  the  Federal  Register. 
By  publication  of/ this  list  the  Service  formally  initiated  a  review  of  the 
status  of  these  plants  pursuant  to  the  Endangered  Species  Act  of  1973. 

Previously,  on  April  21,  1975,  a  "Notice  of  Review"  for  four  plants  was 
published  in  response  to  a  petition  from  a  group  of  Wisconsin  citizens.  Sub- 
sequent to  the  publication  of  both  Notices,  the  governors  of  all  States  and 
U.S.  Territories  involved  were  informed  and  their  comments  were  solicited. 
Copies  of  the  July  1  Notice  were  also  sent  to  many  other  U.S.  government 
agencies  and  botanists  throughout  the  countryo  The  45  foreign  plant  taxa  on 
Appendix  I  of  the  Convention  on  International  Trade  in  Endangered  Species  of 
Wild  Fauna  and  Flora  were  published  in  the  Federal  Register  as  a  proposed 
rulemaking  on -September  26,  1975. 

As  of  May   1976,  therefore,  over  3200  plants  are  in  the  process  of 
being  considered  for  determination  as  Endangered  or  Threatened.   In  the  near 
future,  the  Fish  and  Wildlife  Service  is  planning  to  propose: 

(1)  regulations  that  would  implement  the  Act  with  regard  to 
plants  and 

(2)  a  determination  that  about  1700  plants  form  the  Smithsonian 
revised  report  are  Endangered  pursuant  to  the  Endangered 
Species  Act  of  1973. 

Both  the  proposed  regulations  and  the  proposed  list  of  Endangered  plants 
will  probably  be  published  in  the  Federal  Register  by  the  summer  of  1976.  A 
minimum  60-day  comment  period  will  follow  both  proposed  rulemakings. 

Also,  a  final  rulemaking  that  determines  which  of  those  plants  on  Appen- 
dix I  of  the  Convention  are  to  be  classified  as  Endangered  on  the  U.S.  list 
will  probably  be  published  in  the  summer  of  1976. 

Obviously,  the  Endangered  Species  Act  bf  1973  offers  many  possibilities 
for  plant  conservation.  The  help  of  professionals,  such  as  the  participants  in 
this  conference,  is  essential  for  responding  wisely  and  effectively  to  the  Act. 
Any  data  on  plants,  will  be  welcomes  by  the  Office  of  Endangered  Species.  Details 
on  distribution,  threats  to  survival,  propagation  techniques  and  recent  taxo- 
nomic  studies  are  some  of  the  kinds  of  information  which  can  help  the  U.S.  Fish 
and  Wildlife  Service  implement  the  Endangered  Species  Act  of  1973  on  behalf  of 
our  plant  heritage. 
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FEDERAL  AND  STATE  PROGRAMS  ON  ENDANGERED  PLANTS 

Frank  B.  Barick  - 

Abstract .  -  Discusses  current  status  of  Federal  and  State  Laws 
and  programs  related  to  preservation  of  endangered  plants  in  North 
Carolina,  as  well  as  statutory  needs  to  provide  for  implementation 
in  North  Carolina. 

Keywords:   Endangered  plants,  North  Carolina,  endangered  species 
act.  North  Carolina  Wildlife  Resources  Commission. 

In  discussing  the  subject  assigned  to  me  -  Federal  and  State  Programs  on 
Endangered  Plants  -  I  would  like  to  first  briefly  review  those  aspects  of  the 
Federal  Endangered  Species  Act  relating  to  plants  and  recent  developments  at 
the  federal  level  in  this  area.  Second,  I  will  discuss  the  present  status  of 
North  Carolina  laws  relating  to  endangered  plants.  Third,  I  will  discuss  the 
endangered  species  program  of  the  North  Carolina  Wildlife  Resources  Commission, 
And  fourth,  I  will  briefly  discuss  future  needs  for  implementing  this  program. 

The  Federal  Endangered  Species  Act  was  passed  on  December  28,  1973.   This 
was  about  2  1/2  years  ago.   Although  the  act  provided  for  funding  of  coopera- 
tive programs  with  the  states,  no  moneys  have  as  yet  been  released  for  this 
purpose.   We  have  received  word,  however,  that  such  funds  will  be  forthcoming 
after  July  1  of  this  year. 

The  general  purposes  of  the  Act  are  succinctly  expressed  in  its  introduc- 
tion and  are  well  worth  repeating  at  this  time  to  help  us  focus  on  our  mission. 
The  "findings"  upon  which  the  Act  is  based  are  as  follows: 

1)  Various  species  of  fish,  wildlife  and  plants  in  the  United  States 
have  been  rendered  extinct  as  a  result  of  economic  growth  and  de- 
velopment untempered  by  adequate  concern  and  conservation. 

2)  Other  species  have  been  so  depleted  in  numbers  as  to  be  faced  with 
extinction. 

3)  These  species  are  of  aesthetic,  ecological,  educational,  histori- 
cal, recreational  and  scientific  value  to  the  Nation  and  its 
people. 

As  a  result  of  these  findings,  the  United  States  has  pledged  itself  to 
conserve  to  the  extent  practicable  the  various  species  of  fish,  wildlife  and 
plants  faced  with  extinction. 

The  Act  states  that  the  Federal  government  shall  encourage  the  states  and 
other  interested  parties  to  develop  conservation  programs  designed  to  conserve 
endangered  species  through  a  system  of  incentives,  i.e.  financial  support,  pro- 
vided programs  so  designed    meet  federal  standards. 


-  Chief,  Interagency  Wildlife  Coordination  Section,  North  Carolina  Wildlife 
Resources  Commission. 
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It  also  established  the  policy  that  all  federal  agencies  will  seek  to  con- 
serve endangered  species  and  utilize  their  authorities  in  furtherance  of  this 
act. 

The  Act  provided  for  the  establishment  of  cooperative  agreements  with  in- 
dividual states  that  would  fund  specific  work  projects  on  a  66  2/3-  33  1/3  per- 
cent matching  basis  and  required  that  such  work  be  in  accordance  with  prior- 
approved  work  plans.   In  order  to  qualify  for  participation  states  are  required 
to  demonstrate  that: 

1)  The  designated  state  agency  has  the  authority  to  conserve  endangered 
species. 

2)  That  the  designated  state  agency  has  an  acceptable  program  of  en- 
dangered species  preservation. 

3)  That  the  agency  is  authorized  to  conduct  investigations  to  determine 
the  status  and  needs  of  endangered  species. 

4)  That  the  agency  is  authorized  to  acquire  land  and  water  habitats  and 
manage  same. 

5)  That  the  agency  will  provide  for  public  participation  in  designating 
endangered  species. 

Passage  of  the  Federal  Act  came  after  several  years  of  investigation  and 
reporting  by  fish  and  wildlife  biologists  and  it  was  only  natural  that  major 
responsibility  for  implementation  was  assigned  to  the  U.  S.  Fish  and  Wildlife 
Service  in  the  Department  of  the  Interior.   Because  of  this  early  work  there 
was  a  considerable  body  of  information  at  hand  on  the  status  of  faunal  species 
at  the  time  the  Act  was  passed.   As  a  result,  it  was  possible  for  the  Secretary 
of  the  Interior  to  issue  an  official  list  of  endangered  animal  species  about 
the  same  time  as  the  Act  was  passed.   No  such  list  of  plants  was  available,  how- 
ever, and  so  the  Smithsonian  Institute  was  instructed  to  compile  a  preliminary 
list.   This  was  published  last  year  and  a  proposed  official  list  is  scheduled 
to  be  published  in  the  Federal  Register  later  this  year.   We  are  advised  that 
this  list  will  contain  about  1700  species,  about  half  of  which  are  confined  to 
Hawaii  and  that  about  16  occur  in  North  Carolina  as  endangered  and  about  48  as 
threatened.   After  a  60-day  public  comment  period  the  Secretary  of  the  Interior 
will  establish  an  official  federal  list  of  endangered  plants.   He  was  given 
authority  for  such  action  by  an  executive  order  issued  in  April  of  1976  -  just 
last  month. 

The  Act  establishes  that  a  species  of  plant  or  animal  on  the  Federal  list 
is  officially  designated  as  endangered  in  any  state  where  it  occurs  but  that 
the  state  may  indicate  where  in  the  state  it  has  that  status.   Also,  additional 
species  may  be  designated  as  endangered  or  threatened  by  the  state  agency  having 
jurisdiction  over  endangered  species. 

Designation  of  plants  as  endangered  species  and  establishing  regulations 
for  their  protection  involves  legal  complications  beyond  those  that  surround 
animals.   Since  animals  can  move  across  property  lines,  they  are  owned  by  the 
people  in  severalty,  i.e. , all  of  the  people  of  the  state.   But  plants  are  af- 
fixed to  the  land  and  so  they  are  legally  part  of  the  real  estate.   Thus, 
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regulations  regarding  the  preservation  of  plants  could  come  into  conflict  with 

constitutional  and  legal  property  rights.   For  this  reason,  some  landowners  are 

seriously  concerned  about  the  enactment  of  laws  relating  to  endangered  species 
preservation. 

Because  of  this  circumstance,  that  part  of  the  U.  S.  Fish  and  Wildlife 
Service  endangered  species  program  related  to  cooperative  funding  of  state  pro- 
greuns  is  currently  restricted  to  animal  species.   It  is  also  restricted  to  in- 
land water  and  terrestrial  forms,  i.e.  excludes  marine  forms.   Presumably,  pro- 
vision will  be  made  in  the  near  future  to  include  work  on  plants  and  marine 
forms. 

At  the  present  time  about  a  dozen  states  have  completed  negotiation  of 
cooperative  agreements  with  the  U.  S.  Fish  and  Wildlife  Service  and  we  in  North 
Carolina  are  now  in  the  process.   Certification  that  the  North  Carolina  Wildlife 
Resources  Commission  has  the  required  authorities  has  been  developed  with  the 
cooperation  of  the  State's  Attorney  General  and  submitted  to  Washington.   Upon 
receipt  of  approval  of  this  documentation,  we  shall  proceed  with  development  of 
a  cooperative  agreement  and  detailed  work  plan  and  budget. 

So  much  for  the  status  of  Federal  laws  and  programs  on  endangered  species. 
Let  us  now  turn  our  attention  to  North  Carolina  state  laws. 

To  the  best  of  our  knowledge,  there  is  only  one  law  on  our  books  that  is 
specifically  designed  to  protect  an  endangered  plant  species.   This  is  Section 
129.1  of  Chapter  14  of  the  General  Statutes  which  prohibits  the  sale  or  barter 
of  venus  flytrap  and  assigns  responsibility  for  enforcement  to  the  Department 
of  Conservation  and  Development.   Section  129  of  Chapter  14  prohibits  the  taking 
of  wild  plants  from  the  land  of  another  without  permission  but  does  not  assign 
enforcement  authority  to  any  agency  and  22  counties  are  exempt  from  its  pro- 
visions.  This  section  includes  venus  flytrap,  trailing  arbutus,  hemlock  and 
39  other  species  and  groups  of  species  (such  as  azaleas  or  coniferous  trees). 

Laws  which  give  the  Wildlife  Resources  Commission  jurisdiction  over  en- 
dangered species  make  only  tangential  reference  to  plants.   Thus,  before  the 
Commission  can  become  actively  engaged  in  enactment  of  protective  regulations 
in  this  area,  it  will  have  to  be  clothed  with  additional  authority  by  the  State 
Legislature.   The  North  Carolina  Game  Law  is  currently  under  study  for  revi- 
sion and  we  are  hopeful  that  this  deficiency  will  be  remedied  by  the  next 
legislature.   We  may  be  calling  upon  some  of  you  for  assistance  in  this  effort 
at  that  time  and  we  would  hope  that  you  will  respond  in  a  positive  way. 

In  this  connection  it  may  be  appropriate  to  raise  the  question  as  to  why 
the  Wildlife  Commission,  rather  than  some  other  state  agency,  should  have  this 
authority.   This  question  was  considered  during  the  course  of  the  1975  Legis- 
lature in  conjunction  with  the  attempted  passage  of  the  "Model  State  Endangered 
Species  Act"  developed  by  the  U.  S.  Fish  and  Wildlife  Service,   At  that  time 
it  was  agreed  by  various  state  agencies  and  members  of  the  Legislature  that  the 
Wildlife  Resources  Commission  was  the  appropriate  agency  for  administration  of 
endangered  species  conservation  for  the  following  reasons: 

1)  Wild  plants  constitute  part  of  the  habitat  and  total  ecology  of  wild 
animals,  over  which  the  Commission  already  has  jurisdiction. 
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2)  The  Wildlife  Commission  already  has  a  staff  of  professional  biolo- 
gists some  of  whom  can  specialize  in  plant  species. 

3)  The  Wildlife  Commission  has  a  staff  of  enforcement  personnel  who 
routinely  patrol  areas  where  endangered  plant  species  grow.   These 
officers  can  be  trained  and/or  recruited  to  enforce  endangered 
plant  species  regulations. 

4)  The  Wildlife  Commission  has  a  long  history  of  regulation  formula- 
tion as  regards  wild  animals  and  could  readily  adapt  to  formula- 
tion of  regulations  relating  to  wild  plants.  ' 

5)  The  Wildlife  Commission  has  had  for  many  years  an  on-going  coopera- 
tive program  in  wild  fish  and  game  management  with  the  U.  S.  Fish 
and  Wildlife  Service. 

6)  The  Wildlife  Commission  has  the  authorities  required  by  the 
Federal  Endangered  Species  Act,  except  that  as  noted  above,  it 
needs  to  acquire  additional  authority  in  regard  to  wild  plants. 

We  now  need  to  turn  our  attention  for  a  few  moments  to  the  current  en- 
dangered species  program  of  the  Wildlife  Commission.   Before  doing  so,  however, 
we  should  point  out  that  the  Commission  has,  from  its  establishment  in  1947, 
always  exercised  a  measure  of  concern  for  non-game  and  endangered  species.   It 
sponsored  legislation  protecting  hawks  and  owls,  alligators,  bobcats  and  pan- 
thers.  It  has  conducted  an  active  youth  education  program  on  all  wildlife  in- 
cluding songbirds  and  plants.   And  it  has  developed  an  extensive  library  of 
brochures  and  films  on  various  aspects  of  natural  resources  conservation. 

With  the  emergence  of  endangered  species  as  a  special  area  of  concern, 
the  Wildlife  Commission  established  a  three-phased  program  geared  to  take  ad- 
vantage of  federal  funding  as  it  became  available.   Phase  I,  which  was  initiated 
last  year,  undertook  development  of  a  list  of  persons  and  agencies  having  in- 
terest and  professional  expertise  in  the  area  of  endangered  species.   Many  of 
you  in  this  room  responded  to  our  questionnaire  and  have  been  entered  in  our 
register.   If  there  are  others  aimong  you  who  have  not  been  contacted  we  would 
be  pleased  for  you  to  see  me  about  filling  out  a  form  outlining  your  area  of 
interest.   Another  part  of  Phase  I  was  the  development  of  a  library  on  endangered 
plants  and  animals.   Phase  I  is  well  along  toward  completion  but  we  are  anxious 
to  add  to  it  as  opportunity  occurs.   It  was  undertaken  with  existing  staff  and 
funds,  and  the  special  cooperation  of  the  N.  C.  State  Museum.   We  are  especially 
grateful  to  Museum  Director  Dr.  John  Funderburg  for  his  help. 

Phase  II,  which  has  not  yet  been  initiated,  is  waiting  on  federal  funds. 
It  will  consist  of  in-depth  studies  of  species  on  the  endangered  and  threatened 
lists  that  occur  in  North  Carolina.   Its  purpose  will  be  to  develop  information 
on  the  status  and  distribution  of    individual  species,  to  identify  factors 
limiting  its  survival  and  measures  required  to  ensure  its  preservation.   These 
studies  will  be  conducted  on  a  contract  basis  by  interested  individuals.   Per- 
haps some  of  you  here  today  may  be  interested  in  conducting  such  studies  or 
you  may  know  of  others  who  would  be  interested.   We  shall  be  pleased  to  receive 
study  proposals  when  funds  become  available. 

Phase  III  will  consist  of  implementation  of  findings  of  Phase  II.   Imple- 
mentation may  take  various  forms,  such  as  development  of  management  programs. 


23 


acquisition  of  critical  habitat,  public  information,  designation  of  additional 
species  as  endangered  or  threatened,  development  of  regulations  relating  to 
taking  and/or  commercialization  of  endangered  species,  and  enforcement  of  reg- 
ulations.  Phase  III  has  to  some  extent  been  inplemented,  at  least  in  regard 
to  one  species  -  the  red-cockaded  woodpecker  -  in  that  we  have  developed  habi- 
tat management  procedures  for  application  on  our  Sandhills  Geirae  Lands  which 
constitute  one  of  the  major  reservoirs  for  this  species  in  North  Carolina. 

Phase  III  will  also  entail  the  establishment  of  Advisory  Committees, 
possibly  one  for  endangered  animals  and  another  for  endangered  plants.   These 
committees  will  consist  of  professional  persons  as  well  as  representatives  of 
landowner  and.  other  interests.   Their  function  will  be  to  advise  the  Wildlife 
Resources  Commission  in  regard  to  official  designation  of  endangered  and  threat- 
ened species  and  development  of  regulations  governing  human  activities  relating 
to  them.   They  will  also  provide  input  for  other  management  programs.   There 
are  probably  several  here  today  who  could  render  valuable  service  in  this  manner. 

The  Wildlife  Commission  will  need  the  active  advice  and  support  of  many 
people  and  other  agencies  if  it  is  to  effectively  meet  the  needs  of  endangered 
species.   It  currently  enjoys  a  good  working  relationship  with  other  Divisions 
within  the  Department  of  Natural  and  Economic  Resources  and  cooperates  actively 
with  the  Department  of  Agriculture  and  the  N.  C.  State  Museum  as  well  as  sever- 
al Federal  agencies.   We  need  to  broaden  these  working  relationships  and  espe- 
cially those  with  academic  institutions,  many  of  which  are  represented  here  to- 
day. 

In  conclusion,  we  would  like  to  focus  on  three  items  that  are  urgently 
needed  to  assure  the  development  of  a  strong  and  effective  endangered  species 
preservation  program  in  North  Carolina.   We  believe  that  those  in  attendance 
here  can  help  attain  these  objectives  and  we  actively  solicit  your  support. 

The  first  need  is  in  regard  to  legisl-ation.   We  need  to  amend  the  present 
wildlife  law  so  as  to  fully  clothe  the  Wildlife  Commission  with  authority  over 
the  conservation  of  wild  plants.   This  is  necessary  so  that  we  can  conduct  a 
balanced  program  that  relates  to  both  groups  of  species  that  constitute  our 
eco-systems. 

The  second  need  is  to  develop  additional  sources  of  funds  to  provide  match- 
ing money  for  federal  grants.   At  the  present  time,  the  primary  source  of  funds 
available  to  the  Wildlife  Commission  comes  from  the  sale  of  hunting  and  fishing 
licenses.   While  hunters  and  fishermen  are  actively  supporting  endangered  species 
conservation,  excessive  use  of  license  money  could  constitute  "diversion  of  funds" 
and  raise  questions  in  regard  to  proper  handling  of  finances.   The  Commission  will 
attempt  to  fulfill  this  need  through  sale  of  emblems  and  prints  of  paintings  and 
will  accept  contributions  to  a  special  endangered  species  fund.   We  will  be  appre- 
ciative of  your  support  in  this  funding  effort.   If  you  have  any  other  ideas  on 
how  to  raise  the  money  please  let  us  hear  from  you. 

The  third  need  for  a  successful  endangered  species  preservation  program  is 
the  development  of  effective  communication  between  you  the  lay  public  and  us  the 
state  agency.   We  are  deeply  appreciative  of  this  opportunity  to  bring  you  up  to 
date  on  what  we  have  been  doing  in  this  important  area.   We  need  to  continue  this 
communication  and  we  invite  you  to  let  us  have  the  benefit  of  your  thinking  in 
the  days  and  months  ahead.   We  need  your  advice  and  guidance  because  you  are  the 
experts  and  we  trust  you  will  be  generous  with  your  input. 
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EXPLOITATION  OF  ENDANGERED  PLANTS  AND  THEIR  HABITATS 

by 

Jerry  McCollum,  Biologist 

Georgia  Department  of  Natural  Resources 

ABSTRACT 

Native  plants  have  played  an  important  role  in  the 
development  of  our  nation.  We  no  longer  depend  on  native 
plants  for  their  medicinal  or  food  values  to  the  ex- 
tent that  early  Americans  did.  Some  of  our  native  plant 
species  are  decreasing  in  numbers  because  of  various  forms 
of  exploitation.  Examples  are  .large-scale  acreage  con- 
version, commercial  development,  public  projects,  com- 
mercial collecting  and  private  collecting.  If  State  pro- 
grams are  to  be  effective  in  the  protection  and  manage- 
ment of  endangered  species  several  program  elements  need 
immediate  attention.  Implementation  of  information,  edu- 
cation, and  enforcement  program  elements  are  essential. 
Program  staff  must  also  demonstrate  to  top  management 
that  rational  and  realistic  management  for  endangered 
plants  is  possible. 

INTRODUCTION 

The  exploitation  of  native  plants  has  been  a  fact  of  life  through- 
out history.  There  have  been  times  when,  except  for  native  plants, 
human  beings  might  have  perished.  There  have  been  many  volumns 
written  on  the  subject  of  the  use  of  native  flora,  and  the  significant 
part  it  has  played  in  the  development  of  our  nation.  American  folk- 
lore contains  numerous  accounts  of  life-saving  plants  as  well  as 
notorious  life-taking  plants.  Americans  have  a  heritage  deeply  en- 
riched by  native  plant  life. 

Unfortunately,  our  native  flora  does  not,  and  never  has  existed 
in  inexhaustible  quantities.  Many  of  our  country's  greatest 
naturalists  began  to  warn  us  as  much  as  a  century  ago  that  Americas' 
native  plants  and  animals  exist  in  finite  numbers  and  special  care 
would  have  to  be  taken  in  order  to  preserve  them.  Today  in  our 
technologically  advanced  society,  we  no  longer  find  it  necessary  to 
exploit  our  native  plants  for  the  medicines  and  foods  to  insure 
our  personal  survival  or  the  survival  of  our  families.  Why,  then, 
do  we  continue  to  find  that  some  of  our  native  plants  are  decreasing 
in  numbers  at  an  alarming  rate? 

It  is  apparent  that  certain  forms  of  exploitation  continue  to 
assure  the  demise  of  certain  members  of  our  native  flora.  It  is 
also  apparent  that  immediate  action  is  needed  if  the  state  agencies 
of  the  southeast  which  are  responsible  for  the  protection  and  manage- 
ment of  endangered  plants,  are  to  be  effective  in  insuring  the 
prolonged  existence  of  this  valuable  part  of  our  natural  heritage. 
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EXPLOITATION  IN  THE  NAME  OF  PROGRESS 

Large-scale  Land  Use  Influences 

Large  quantities  of  land  which  provide  habitat  for  many  of  our 
endangered  plants  are  being  modified  as  a  result  of  changing  land 
use  practices.  For  example,  thousands  of  acres  of  hardwood  timber 
are  annually  being  converted  to  pine  monoculture  forest.  In 
addition  to  the  loss  of  the  hardwoods  this  conversion  represents 
the  loss  of  untold  acres  of  natural  stands  of  understory 
vegetation,  some  of  which  are  considered  to  be  endangered. 

Some  farmland  is  now  being  taken  out  of  production,  but  sub- 
stantial portions  of  this  are  being  planted  with  pine  for  com- 
mercial purposes.  Nationwide,  approximately  1.25  million  acres 
of  cropland  is  being  taken  out  of  crop  production  annually  (Council 
on  Environmental  Quality,  1975).  This  is  land  which  could  once 
again  be  available  as  habitat  for  endangered  plants  if  it  were 
allowed  to  revert  through  succession  to  its  natural  climax 
state. 

Some  hardwood  to  pine  conversion  attempts  have  met  with  poor 
results.  One  example  is  the  wind  rowing  and  conversion  of  sand- 
ridge  communities  to  pine.  The  result  has  been  stunted  tree 
growth  and  an  otherwise  relatively  sterile  vegetative  community. 
Since  this  timber  crop  will  return  a  marginal  profit,  if  any, 
the  planting  of  the  sandridge  with  pine  seems  only  to  achieve 
the  destruction  of  habitat  where  studies  indicate  endangered 
species  may  be  concentrated  (Sm.ithsonian  Report,  1975). 

The  idea  fostered  by  timber  interests  that  the  forests  of 
the  southeast  states  should  be  used  primarily  as  a  source  for 
pulp,  has  placed  additional  pressures  on  populations  of  en- 
dangered plants  by  reducing  the  overall  age  and  maturity  of  our 
southeastern  forests  and  underwritten  the  policy  of  converting 
hardwood  stands  to  plantation  pine  stands.  Companies  who  practice 
this  unwritten  policy  use  the  beech  and  maple  forests  of  the  northeast 
and  the  spruce  and  fir  forests  of  the  Pacific  Northwest  for  their  source 
of  saw  timber. 

Ironically,  while  land  suitable  for  agriculture  is  being 
taken  out  of  production  in  parts  of  the  southeast,  additional 
acres  of  habitat  are  being  lost  to  crop  production  on  lands 
heretofor  not  used  for  intensive  agriculture.  This  trend  is  due 
in  part  to  the  increasing  use  of  irrigation  in  the  southeast. 
The  increase  in  acreage  being  irrigated  annually  is  not  known, 
but  it  is  thought  to  be  substantial. 

Increased  pressure  to  develop  coal  reserves  and  other 
mineral  resources  of  the  southeast  also  accounts  for  increases 
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in  loss  of  endangered  plant  habitat  through  strip  mining  operations. 

Commercial  Development 

According  to  the  Smithsonian  Institute's  report  on  Endangered 
and  Threatened  Plant  Species  of  the  U.S.  (1975),  endangered  species 
are  usually  found  in  narrow  niches,  such  as  mountain  tops,  ravines, 
river  banks,  acid  bogs  or  rock  cliffs.  It  is  certainly  less  than 
a  coincidence  that  much  of  the  second  home  development  boom  of  the 
late  sixties  and  early  seventies  occurred  at  or  near  these  types 
of  natural  features.  They  are  some  of  the  most  scenic,  remote  and 
unspoiled  areas  of  the  southeast  region  of  the  country.  The  de- 
struction of  many  endangered  plants  of  these  areas  went  largely 
unnoticed  by  the  developers,  the  builders,  and  the  buyers  partly 
for  lack  of  interest,  but  possibly  more  for  lack  of  knowledge  as  to 
alternatives.  It  is  possible^for  example,  that  a  state  endangered 
species  technical  assistance  program  could  have  provided  information 
which  would  have  minimized  the  destruction.  Advice  to  remove  the 
top  soil  from  roadcuts  and  other  construction  sites  and  filling 
with  it  when  construction  was  complete  may  have  saved  large  amounts 
of  organic  substraits.  Or  the  assistance  might  go  so  far  as  to 
suggest  sales  slogan  such  as  "Rare  Homes  with  Rare  Plants"  as  a  means 
of  informing  potential  buyers  of  the  unique  features  offered  by  this 
development. 

In  a  similar  manner,  advice  given  to  new  home  owners  about 
the  rare  beauty  and  fragile  nature  of  his  plants  and  how  he  should 
care  for  them  would  very  likely  give  rise  to  an  attitude  of  personal 
stewardship  for  the  entire  community. 

While  this  type  of  development  is  experiencing  a  temporary  lull, 
there  is  evidence  that  residential  development  in  relatively  un- 
spoiled areas  continues.  The  Bureau  of  Census  (1975)  reports  that 
since  1970,  metropolitan  areas  have  grown  at  a  slower  rate  than  non- 
metropolitan  counties.  And  the  indications  are  that  instead  of 
moving  back  to  the  farm,  people  are  moving  to  within  commuters  reach 
of  the  smaller  towns.  This  indicates  that  residential  development 
associated  with  such  a  move  will  now  be  a  primary  residence  -  not 
a  second  home  -  built  within  one  of  the  aforementioned  narrow  niches. 
Hence  the  exploitation  of  areas  likely  to  harbor  endangered  plants 
continues.  Other  studies  (Domestic  Council,  1974)  indicate  "big 
increases"  in  the  growth  rate  of  the  southern  Appalachians,  one 
geographic  region  which  was  identified  by  the  Smithsonian  Report 
(1975)  as  an  area  "with  concentrations  of  endemic  species"  which  may 
be  endangered. 

Public  Projects 

Many  controversial  statements  have  documented  the  exploitation 
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of  fragile  resources  by  public  agencies  such  as  the  U.S.  Corps  of 
Engineers,  U.S.  Forest  Service,  and  State  and  federal  transportation 
and  agriculture  agencies.  It  is  not  difficult  to  find  serious  dis- 
agreement among  different  government  agencies  as  to  which  one  is 
actually  conducting  it's  business  in  the  public  interest.  Admittedly, 
usually  both  are,  each  using  its'  own  criteria  for  measuring  achieve- 
ment. The  simple  fact  is,  that  vast  acreages  of  land  -  some  harboring 
endangered  species  -  have  been  and  are  being  consumed  by  public 
projects  throughout  the  southeast.  According  to  1973  figures,  the 
U.S.  Corps  of  Engineers  had  under  management,  more  than  470,000  acres 
of  flat  water  in  its  South  Atlantic  Division  alone.  Of  course,  the 
acreage  of  habitat  consumed  by  creating  that  flat  water  would  be 
considerably  greater.  Since  those  figures  were  released  at  least 
two  additional  major  reservoirs  have  been  created  in  Georgia  (i.e.. 
West  Point  Reservoir  and  Carter  Reservoir),  both  of  which  inundated 
habitat  which  harbored  endangered  plants.  This  is  especially  true 
of  Carter  Reservoir  which  flooded  approximately  8000  acres  of 
habitat  along  the  banks  of  the  Coosawattee  River  in  north  Georgia, 

The  Georgia  Statistical  Abstract  (1968,  1972)  published  by 
the  State  Highway  Department  indicated  that  more  than  10,200  miles 
of  public  roads  were  constructed  from  July  1,  1968  to  May  12,  1972. 
More  recently  proposed  roadways  include  the  Appalachian  400  Highway 
which  will  slice  through  thousands  of  acres  of  prime  north  Georgia 
habitat.  With  habitat  being  lost  at  such  alarming  rates,  it  is 
little  wonder  that  the  International  Union  for  Conservation  of  Nature 
and  Natural  Resources  (1974)  projects  the  extinction  of  an  additional 
185  species  by  the  year  2000. 

EXPLOITATION  FOR  PROFIT  AND  FOR  LOVE 

Commercial  Collecting 

The  collecting  of  native  plants  for  sale  has  been  an  occupation 
for  some  of  our  people  for  generations.  For  others,  it  is  a 
relatively  new  business.  In  either  case,  this  type  of  exploitation 
consists  of  the  collecting  and  transporting  of  plant  materials 
for  the  expressed  purpose  of  resale.  Commercial  collecting  operations 
range  in  magnitude  from  one  person  attempting  to  scratch  out  a  meager 
income  for  himself  and  his  family,  to  several  teams  of  well-equipped 
collectors  who  can  easily  carry  away  enough  material  in  a  day  to 
turn  a  handsome  profit. 

The  effects  of  the  commercial  collector  can  be  equally  as 
devasting  as  the  bulldozer  and  earthmover.  Entire  populations  of 
Golden  Seal  (Hydrastis  canadensis  L.),  Moccasin  Flower  (Cypripedium 
acuale  Ait.), and  Pitcher-plants  (Sarracenia  sp.  L.)  have  disappeared 
over  night  as  a  result  of  commercial  collecting  operations.  There 
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is  little  question  that  exploitation  of  endangered  plants  by  commercial 
collectors  can  have  a  significant  negative  influence  on  the  con- 
tinued existence  of  the  species. 

Private  Collecting 

Various  interests  in  our  native  plants  by  the  public  have 
led  to  the  unquestionable  exploitations  of  the  very  object  of  the 
interest.  Accounts  of  my  own  life  serve  well  to  illustrate  this 
exploitation  by  private  citizens.  As  a  small  child,  I  remember 
helping  -  in  my  own  way  -  my  family  dig  Genseng  (Panax  quinquefolium 
L.)  and  Golden  Seal  {H.   canadensis  L.)  near  my  Ellijay,  Georgia 
home.  As  a  boy  growing  up  on  the  banks  of  the  Coosawattee  River,  I 
was  proud  to  bring  home  a  handful  1  of  Yellow-Lady  Slippers  (C. 
calceolus  L.)  to  my  mother.  As  a  student  of  botany,  I  was  taught 
that  rare  plants  should  not  be  collected  except  in  the  interest  of 
science,  but  collections  have  been  made  to  trade  to  other  herbaria. 
And  just  a  few  weeks  ago  a  friend  came  to  my  house  and  because  he 
knew  how  much  I  studied  and  admired  wildflowers,  he  brought  me  a 
whole  bucket  full  of  Large-flowered  Trillium  (Trillium  grandiflorum 
(Michx.)  Salisb.)  Finally,  accounts  were  described  to  me  recently 
of  a  wildf lower  club  field  trip  to  a  very  small  colony  of  Golden 
Seal  {H.   canadensis  L.);  several  days  later  the  entire  colony  had 
disappeared. 

The  point  of  these  ramblings  is  that  regardless  of  whether 
a  species  is  used  to  death  for  medicinal  purposes,  studied  to  death 
in  the  interest  of  science,  or  loved  to  death  because  of  its' 
spectacular  beauty,  the  result  is  the  same:  the  methodical  and 
unnecessary  destruction  of  part  of  our  natural  heritage. 

PERSPECTIVE  OF  THE  STATE 

Mandate  for  Action 

All  of  the  means  of  exploitation  which  have  previously  been  dis- 
cussed with  the  exception  of  private  collecting  have  one  grave  con- 
sequence in  common.  Tremendous  numbers  of  acres  of  habitat  for  en- 
dangered plants  are  being  lost.  Another  glaring  problem  is  that 
there  is  no  universal  sense  of  values  in  and  no  universal  policy  for 
management  of  endangered  species  which  exist  among  environmental 
groups,  private  industry,  federal  and  state  government  agencies,  or 
the  scientific  community. 

It  is  not  always  apparent  that  state  agencies  have  a  clear- 
cut  mandate  to  protect  endangered  species  and  their  habitats  con- 
sidering the  wide  spread  habitat  destruction  which  continues  to 
occur  throughout  the  southeast.  In  fact  there  is  seldom  a  respon- 
sibility given  by  legislation  to  a  state  agency  which  does  not  in 
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some  way  conflict  with  responsibilities  previously  deligated  to 
other  state  agencies. 

The  mandate  to  manage  and  protect  endangered  species  does  exist 
in  Georgia  in  the  form  of  two  state  laws  (The  Endangered  Wildlife 
Act  of  1973  and  The  Wild  Flower  Preservation  Act  of  1973).  And 
as  we  would  expect,  several  of  Georgia's  state  agencies  have  re- 
ceived mandated  responsibilities  which  seem  to  be  in  conflict  - 
at  least  philosophically  -  with  the  concepts  of  endangered  species 
management  and  protection.  The  ultimate  success  of  the  en- 
dangered species  program  and  other  programs  which  face  conflicting 
agency  philosophies  will  depend  largely  on  the  cooperative  atti- 
tudes of  all  agencies  involved  in  working  together  openly  to 
resolve  points  of  conflict. 

Immediate  Needs  for  Program  Development 

Endangered  species  programs  of  many  of  the  southeastern  states 
have  from  their  beginnings  been  low  budget  operations.  In  Georgia, 
less  than  $30,000  annually  has  been  invested  except  for  substan- 
tial expenditures  by  the  Georgia  Heritage  Trust  Program  for  habitat 
acquisition. 

Much  of  the  information  which  has  been  compiled  to  date  re- 
lating to  endangered  species  in  Georgia  is  the  result  of  a  very  small 
program  staff  working  with  an  army  of  concerned  citizens  and  other 
volunteers.  While  considerable  information  does  exist,  it  is 
usually  not  organized  in  such  a  manner  as  to  be  either  readily  useful 
or  even  available  to  persons  or  agencies  who  inquire  after  it.  Con- 
sequently, little  organized  information  has  reached  a  point  where 
it  can  be  used  in  the  struggle  to  curtail  further  destruction  of 
endangered  species  and  their  habitats. 

First,  the  state  program  must  be  funded  at  levels  where  it  can 
perform  its  duties  full-time.  In  general,  state  programs  receive 
financial  support  when  they  have  a  broad  base  of  moral  support. 
Therefore,  one  of  the  primary  objectives  of  any  states'  program  should 
be  to  take  steps  to  broaden  its  base  of  support.  The  most  effi- 
cient way  to  do  this  may  be  through  the  development  of  a  strong  edu- 
cational program  and  an  efficient  method  of  distributing  information. 

There  is  a  critical  need  for  the  development  of  the  strongest 
technical  assistance  program  possible.  Every  single  piece  of  in- 
formation which  exists  related  to  the  states'  endangered  species 
should  be  compiled  and  organized  in  a  form  which  will  allow  the  pro- 
gram staff  to  furnish  data  upon  request  to  user  organizations  such 
as  local  or  county  planners  and  other  state  and  federal  agencies. 
This  may  be  the  best  means  of  reducing  destruction  of  endangered 
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species  habitat  on  a  large  scale,  since  it  will  allow  these  agencies 
to  react  to  environmentally  sensitive  areas  during  early  planning 
stages. 

Finally,  one  of  the  most  urgent  needs  to  assure  sound  pro- 
gram development  is  the  implementation  of  an  effective  and  real- 
istic law  enforcement  effort.  In  Georgia,  as  I  am  sure  is  the  case 
in  other  states,  our  law  enforcement  personnel  are  among  our  most 
avid  conservationists.  Even  among  these  people  who  normally  have 
a  high  level  of  interest,  there  are  legitimate  concerns  which  have 
been  voiced  involving  law  enforcement  activities  related  to  en- 
dangered plants.  The  most  common  objection  is  that  law  enforce- 
ment personnel  would  never  be  able  to'  recognize  endangered  plants. 
Certainly  this  is  a  problem,  but  it  is  a  problem  with  solutions. 

The  solution  might  take  the  form  of  one  of  several  alternatives. 
First,  and  most  ideally,  in-service  training  programs  can  be  de- 
signed which  will  teach  law  enforcement  officers  how  to  recognize 
and  identify  endangered  species  of  plants.  This  may  be  too  ideal- 
istic if  short  term  implementation  is  the  goal.  In  Georgia  there 
are  100  species  of  endangered  plants  now  protected  by  law. 

An  alternative  may  be  to  select  targets  (species)  of  con- 
centration and  teach  enforcement  officers  how  to  recognize  these 
specific  ones.  The  species  selected  would  be  based  upon  previous 
evidence  of  exploitation.  This  enforcement  effort  would  require 
that  enforcement  personnel  be  able  to  recognize  4  or  5  (possibly  as 
many  as  10)  species  of  plants.  This  is  not  an  unmanageable  or  un- 
realistic goal . 

A  last  alternative  may  be  to  concentrate  our  enforcement  effort 
on  inspections  of  conmercial  operators  who  deal  in  native  flora. 
This  inspection  responsibility  could  be  assigned  to  qualified  botanists 
or  to  other  personnel  who  have  the  training  and  expertise  required 
to  recognize  and  identify  the  species  in  question. 

Conclusion 

The  passage  of  legislation  which  calls  for  strong  protective 
measures  and  management  programs  for  endangered  species  is  le- 
gitimate cause  for  celebration.  It  does  not,  however,  mean  that  a 
solution  to  the  problem  has  been  attained.  The  true  test  of  the 
effectiveness  of  any  particular  piece  of  legislation  can  only  be 
measured  after  the  full  implementation  of  the  programs  which  it 
authorized.  The  judgement  of  the  effectiveness  of  State  en- 
dangered species  programs  as  well  as  the  federal  endangered  species 
program  is  incomplete.  A  great  deal  of  program  implementation  re- 
mains ahead.  In  this  regard,  two  items  stand  out  as  absolute  neces- 
sities to  the  development  of  a  State  program  which  will  achieve 
the  goals  of  endangered  species  legislation. 
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First,  existing  information  from  all  sources  (i.e.  scientific 
community,  private,  state  and  federal  agencies)  must  be  organized 
and  distributed  to  a  level  where  it  can  have  an  influence  on  the  pre- 
servation of  habitat.  Planning  agencies  can  not  possibly  construct 
plans  in  harmony  with  endangered  species  habitat  if  the  location  of 
that  habitat  is  not  known  and  the  conditions  to  which  endangered 
species  are  sensitive  are  not  known. 

Second,  State  endangered  species  programs  must  prove  them- 
selves to  be  manageable.  In  many  instances  internal  management 
conflict  is  the  reason  for  the  slow  development  of  the  program. 
Executive  management  has  been  bored  with  philosophical  rhetoric 
and  the  operative  staff  has  been  confused  and  bewildered  by  such 
things  as  lists  (in  Georgia)  of  over  600  species  of  the  most  in- 
frequently encountered  species  of  plants  and  animals  in  the  state 
which  are  suspected  of  being  endangered.  Both  groups  must  be  con- 
vinced that  rational  and  realistic  -  though  it  may  not  be  conven- 
tional -  management  is  possible. 
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VENUS'  FLYTRAP:  SURVIVAL  THREATS  AND  POTENTIALS 

Raymond  0.  Flaggi./ 

Abstract. --Road  construction  and  pine  farming  have  increased 
the  available  sites  for  natural  stands  of  Venus'  flytrap,  but  drain- 
age projects  and  intense  collecting  in  recent  years  have  destroyed 
many  populations  and  severely  reduced  others.  While  the  flytrap  does 
not  seem  to  be  in  immediate  danger  of  extinction,  it  might  well  be 
considered  unnecessarily  threatened,  as  commercial  propagation  ap- 
pears to  be  practical. 

Additional  keywords:  Dionaea  muscipula,  habitat. 

In  13  years  of  observing,  collecting,  and  growing  Venus'  flytraps  (Dionaea 
muscipula  Ellis),  I  have  seen  old  populations  disappear,  new  populations  become 
established,  and  advances  in  culture  methods. 

HABITAT 

The  Venus'  flytrap  is  endemic  to  eastern  North  and  South  Carolina.  It  grows 
in  sandy,  humus,  acid  soil,  usually  in  the  company  of  pines  and  short  compact 
sphagnum.  Flytrap  populations  thrive  in  full  sun  and  partial  shade,  and  will 
tolerate  moderately  heavy  shade.  In  full  sun,  partial  shading  is  usually  provided 
in  the  summer  by  grasses  and  small  herbs.  The  suitability  of  a  particular  spot 
appears  to  be  determined  by  available  moisture- -populations  survive  short  periods 
of  drying  or  flooding,  but  generally  a  moderate  amount  of  ground  moisture  is 
present  year-round. 

Destruction 

The  most  destructive  activity  of  man  to  flytrap  habitats  is  the  drainage 
accompanying  building  projects,  road  construction,  agriculture,  and  silviculture. 
A  permanent  significant  drop  in  the  water  level  spells  the  end  of  the  flytrap 
population  at  a  specific  site. 

Populations  of  flytraps  also  tend  to  die  out  as  pine  fields  mature.  I  do 
not  know  whether  this  is  because  of  increased  shading,  heavy  littering  by  needles, 
or  a  combination  of  these  changes. 

Development 

Although  the  flytrap  is  restricted  in  habitat,  it  is  in  many  respects  a 
"camp follower"  species.  Most  of  the  places  where  it  grows  can  be  called  disturbed 
areas:  roadsides,  edges  of  shallow  borrow  pits,  new  pine  plantings,  ditches 
around  and  through  older  pine  plantings,  and  areas  where  pine  plantings  meet 
ponds  or  swamps.  Thus,  man  destroys  old  habitats  by  drainage  and  creates  new 
ones  by  disturbing  land  levels.  Furthermore,  controlled  burning  in  pine  plant- 
ings favors  the  flytraps.  Even  though  the  number  of  flytraps  has  been  sharply 
reduced  by  collecting  in  the  last  decade,  I  wonder  if  there  are  not  more  fly- 
traps now  than  there  were  in  the  days  of  Sir  Walter  Raleigh. 
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COLLECTING 

By  North  Carolina  law   anyone  may  take  up  any  plant  on  his   own   land  or  on 
any  private   land  with  signed  authorization  of  the  owner  or  the  duly  authorized 
agent. 

Carolina  Biological  Supply  Company 

By  state  permit  we  may   collect  up  to  500  Venus'    flytraps  each  year.    We 
tend  to  use  the  same   collecting  sites  year   after  year,    and  make   it   a  point  to 
operate  within  the   laws   of  man  and  of  conservation. 

One  of  the   reasons    I   enjoy  my  association  with   Carolina  Biological   rests 
in  the  judicious  husbandry  of  collecting,  sites  by  the   conservation- conscious 
staff.    It  has  been  my  pleasure   to  be  involved  in   collecting  plants   For  Carolina 
Biological   for  13  years.    In  all   that   time   I  have  never  seen  a  population  threat- 
ened or  endangered  by  the   activities   of  any  employee  of  the  Company.    Even  if 
the   collecting  habits   of  Carolina  Biological   did  not   rest   in  pure  biological 
appreciation  of  nature,   maintenance  of  productive  sites  would  appear  to  be 
simple  wisdom  for  long-term  utilization--over-collecting   this  year  would  create 
supply  problems  next  year. 

"Dime-Store"  Trade 

Carnivorous  plants  have  novelty  and  beauty  that  appeal  not  only  to  biol- 
ogists but  also  to  almost  any  human  being.  Collecting  activity  to  fill  the 
layman's  demand  has  placed  extreme  pressure  on  many  carnivorous  plants,  espe- 
cially the  Venus'  flytrap. 

There  are  individuals  who  place  no  value  on  collecting  sites  and  violate 
all  rules  of  conservation.  I  have  personally  seen  evidence  of  destructive  and 
illegal  collections  at  many  locations  on  state  property  along  highways  in 
Brunswick  and  Pender  Counties  in  North  Carolina.  Many  flytrap  populations 
along  the  roadsides  in  these  counties  have  been  completely  removed  in  wanton 
digging  by  insensitive,  if  not  biologically  ignorant,  individuals.  Any  plant- 
lover  viewing  the  before  and  after  conditions  of  such  ravished  sites  is  struck 
with  sadness  and  anger.  Some  portions  of  the  gene  pool  of  the  flytrap  have 
undoubtedly  been  lost  forever.  If  the  laws  of  North  Carolina  were  enforced 
along  the  roadsides,  there  would  be  no  threat  to  "shut-your-mouth  Sam." 

PROPAGATION 

Natural  Sites 

Venus'  flytraps  have  survived  in  the  New  Jersey  Pine  Barrens  since  1948 
(Smith,  1972).  In  recent  years  we  have  successfully  translocated  flytraps  with- 
in the  natural  range,  and  now  use  the  locations  as  collecting  sites.  For  ex- 
ample, ten  or  eleven  years  ago  we  took  a  number  of  flytraps  from  our  Burlington 
greenhouse  and  planted  them  in  Bladen  County  about  3.5  miles  NE  of  White  Oak 
along  a  roadside  ditch  draining  into  Singletary  Creek.  (We  are  not  aware  of 
any  native  sites  of  Venus'  flytraps  within  a  20-mile  radius.)  Although  the  po- 
tential niche  was  small,  the  few  original  plants  proliferated  and  the  offspring 
even  survived  through  a  minor  shift  in  the  niche  induced  by  reworking  of  the 
drainage  area  by  the  Department  of  Transportation.  Almost  annually  we  collect 
75  to  100  flytraps  from  this  little  site  without  diminishing  the  basic  size  of 
the  colony.  Only  large  plants  are  taken;  small  plants  and  seedlings  are  left 
in  place.  The  size  of  the  colony  is  restricted  by  the  immediate  environment, 
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most  importantly  by  the  availability  of  water. 

Some  large  suppliers  of  flytrap  "bulbs"  indicate  they  are  meeting  their 
needs  from  plants  grown  on  their  own  property.  While  this  may  be  true,  I  must 
view  it  with  some  doubt  as  it  still  appears  more  economical  to  purchase  "bulbs" 
from  local  collectors  than  to  propagate  them.  Of  course,  the  very  cheapness  of 
"bulbs"  in  large  quantities  would  indicate  that  flytraps  are  not  difficult  to 
find,  and  thus  not  rare. 

Greenhouse 

Reputedly,  flytrap  seed  have  brief  viability  (a  few  months)  and  seedlings 
have  difficulty  in  becoming  established  (Smith,  1972).  This  may  be  true  with 
poorly  handled  seed,  but  it  has  been  our  experience  that  properly  dried  and 
refrigerated  seed  consistently  show  good  germination  and  good  seedling  estab- 
lishment two  years  after  harvest.  With  high  humidity,  elevated  temperature, 
and  natural  greenhouse  light,  we  have  produced  flytraps  with  attractive  multi- 
leaved  rosettes  (about  5-7  cm  in  diameter)  in  less  than  a  year  after  sowing 
the  seed. 

We  have  produced  flytrap  seed  in  the  greenhouse,  but  cross-pollination 
by  hand  was  necessary. 

Hooft  (1974)  summarized  our  experience  with  vegetative  propagation  of 
flytraps.  When  excised  healthy  petioles  with  the  traps  removed  are  kept  in  a 
moist,  warm  and  light  environment,  small  buds  form  in  about  a  month,  complete 
leaves  with  traps  form  in  about  two  months,  and  roots  are  produced  as  decom- 
position of  the  original  petioles  becomes  well  advanced.  With  high  humidity, 
elevated  temperature,  and  natural  greenhouse  light,  many  of  these  plantlets 
develop  into  fine  specimens. 

CONCLUSIONS 

Although  Venus'  flytraps  have  been  subjected  to  increased  pressures  in 
recent  years,  the  species  does  not  appear  to  be  in  immediate  danger  of  extinc- 
tion, as  its  continuation  is  encouraged  by  extensive  pine  farming  within  its 
natural  range.  The  ready  availability  of  collected  "bulbs"  indicates  that  there 
are  many  wild  flytraps;  however,  many  populations  have  been  decimated  and  the 
range  and  activities  of  collectors  are  increasing.   Aside  from  collecting  wild 
flytraps,  it  is  now  practical  to  produce  these  plants  from  seed  and  from  veg- 
etative propagation. 
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THE  NATURAL  LANDMARKS  PROGRAM 

Gary  S.  Waggoner]^/ 

Abstract, — The  National  Park  Service  administers  two 
programs  to  preserve  nationally  significant  natural  areas,  the 
National  Park  System  and  the  Natural  Landmarks  Program.   The 
Natural  Landmarks  Program  is  a  recognition  program  to  encourage 
the  voluntary  preseirvation  of  significant  natural  areas  on  non- 
Park  Service  administered  lands.   Natural  region  studies  and 
onsite  evaluation  studies  are  conducted  by  scientists  under 
contract  to  the  Service.   Sites  determined  to  be  nationally 
significant  are  entered  on  the  National  Registry  of  Natural 
Landmarks  by  the  Secretary  of  the  Interior. 

The  protection  of  endangered  plant  species  through  natural  area  preser- 
vation is  approached  in  two  different  ways  by  the  National  Park  Service.  Most 
people  are  aware  of  the  preservation  efforts  of  the  Service  as  reflected  in 
the  National  Park  System,  especially  the  great  natural  area  parks  such  as 
Great  Smoky  Mountains  National  Park  and  Everglades  National  Park  in  the  south- 
eastern United  States.   These  parks  are  publicly  owned  and  are  administered 
by  the  Service.   Thus,  there  is  the  highest  possible  degree  of  protection 
afforded  to  endangered  or  threatened  species  indigenous  to  such  parks.   The 
Service  can  control  visitor  use  and  access  to  such  habitats,  including  closure 
to  entry  for  other  than  official  purposes.   The  purpose  of  this  paper,  however, 
is  to  describe  the  Natural  Landmarks  Program,  a  method  of  encouraging  the 
preservation  of  natural  areas  outside  the  National  Park  System. 

The  Natural  Landmarks  Program,  which  was  administratively  created  by  the 
Secretary  of  the  Interior  in  1962,  is  managed  by  the  National  Park  Service 
pursuant  to  authority  contained  in  the  Historic  Sites  Act  of  1935.   The 
objectives  of  the  Natural  Landmarks  Program  are:   1)  to  encourage  the  preser- 
vation of  sites  illustrating  the  geological  and  ecological  character  of  the 
United  States,  2)  to  enhance  the  educational  and  scientific  value  of  sites 
thus  preserved,  3)  to  strengthen  cultural  appreciation  of  natural  history,  and 
4)  to  foster  a  greater  concern  in  the  conservation  of  the  Nation's  natural 
heritage.   Under  this  program  the  Service  strives  to  assure  the  preservation 
of  such  a  variety  of  nationally  significant  natural  areas  that,  when  considered 
together,  they  will  illustrate  the  diversity  of  the  country's  natural 
environment. 

In  contrast  to  the  actual  units  in  the  National  Park  System,  natural 
landmarks  are  nationally  significant  natural  areas  which  are  in  varying  owner- 
ship, e.g.,  private.  State,  Federal.   The  Natural  Landmarks  Program  is  a 
voluntary,  recognition  program  and  neither  ownership  nor  responsibility  for 
the  area  changes  with  designation.   Instead,  following  designation  of  a 
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suggestions  concerning  this  paper. 
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landmark  by  the  Secretary  of  the  Interior,  the  owner (s)  is  notified  that  his 
property  has  been  determined  to  be  of  national  significance  as  a  superlative 
example  of  our  natural  heritage  and  he  is  invited  to  voluntarily  register  the 
property.   This  registration  act  is  a  gentleman's  agreement  made  between  the 
owner (s)  of  the  landmark  and  the  Secretary  of  the  Interior  stipulating  that 
the  owner (s)  intends  to  preserve  the  site  in  such  a  way  as  to  maintain  its 
inherent  natural  integrity.   This  registration  act  is  not  legally  binding  and, 
therefore,  long-term  preservation  of  a  registered  natural  landmark  is  not  as 
certain  as  in  a  unit  of  the  National  Park  System. 

Natural  landmarks  are  determined  as  a  result  of  a  fairly  thorough  selection 
process.   The  National  Park  Service  is  presently  conducting  studies,  typically 
through  contracts  with  universities,  of  the  ^?arious  natural  regions  of  the 
United  States.   In  the  Southeast,  these  natural  regions  include  the  Atlantic 
Coastal  Plain,  the  Gulf  Coastal  Plain,  the  Florida  Peninsula,  the  Piedmont, 
the  Appalachian  Ranges,  the  Appalachian  Plateaus  and  the  Interior  Low  Plateaus 
(Map  1).   Natural  region  studies  describe  and  classify  the  important  ecosystem 
types  or  community  types  occurring  within  a  particular  region  and  then  provide 
an  inventory  of  natural  areas  which  significantly  illustrate  each  ecosytem 
type  previously  described.   Sites  are  assigned  a  priority  by  the  natural  region 
study  team  based  on  a  comparative  analysis  of  similar  sites.   Important  factors 
considered  in  this  comparative  study  include  the  presence  of  endangered  or 
threatened  biota,  the  naturalness  or  integrity  of  the  site,  the  ecological 
diversity  of  the  site,  the  rarity  or  threat  to  the  ecosystem  type,  the  relictual 
or  distributional  significance  of  the  site  and  other  similar  factors.   In 
addition,  each  natural  region  study  contains  similar  information  on  important 
geological  areas.   However,  this  paper  emphasizes  the  ecological  portion  of  the 
Natural  Landmarks  Program. 

A  second  phase  of  study  involves  the  onsite  evaluation  of  sites  highly 
recommended  in  the  natural  region  study.   This  onsite  evaluation  is  also 
conducted  via  contract  to  a  competent  scientist  in  the  vicinity  of  the  areas 
to  be  evaluated.   Emphasis  in  contracting  both  the  natural  region  studies  and 
the  onsite  evaluations  of  ecological  sites  is  usually  given  to  botanists, 
especially  plant  ecologists.   The  onsite  evaluation  provides  more  detailed 
information  on  each  site,  a  recommended  boundary,  and  a  significance  state- 
ment which  briefly  states  why  the  site  is  considered  to  be  of  national 
significance.   In  most  instances,  the  onsite  evaluation  studies  are  conducted 
by  a  different  scientist  thus  providing  a  "second  opinion"  as  to  the  relative 
ecological  significance  of  the  site. 

Once  both  of  these  steps  are  completed,  the  Natural  Landmarks  Program 
staff  reviews  and  verifies  the  information  available,  makes  additional  contacts 
with  other  scientists  and  finally  makes  a  determination  as  to  whether  or  not 
the  area  appears  to  qualify  as  a  natural  landmark.   The  primary  test  is  one  of 
national  significance.   National  significance  is  ascribed  to  those  superlative 
areas  which  are  true,  accurate  and  essentially  unspoiled  examples  of  our 
natural  heritage.   The  Natural  Landmarks  Program  staff  presents  the  best  areas 
to  the  Secretary  of  the  Interior's  Advisory  Board  on  National  Parks,  Historic 
Sites,  Buildings  and  Monuments  which  meets  biannually  in  Washington,  D.C.   The 
Advisory  Board  then  makes  recommendations  to  the  Secretary  with  whom  rests  the 
ultimate  authority  for  the  establishment  of  natural  landmarks. 
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The  National  Registry  of  Natural  Landmarks  is  the  official  listing  of  all 
natural  landmarks  and  is  published  periodically  in  the  Federal  Register.   At 
present,  there  are  421  established  natural  landmarks  with  61  occurring  in  the 
Southeast.   Of  these  61,  18  have  been  established  as  natural  landmarks  for 
their  geological  significance,  the  remaining  43  are  nationally  significant 
ecological  areas. 

Designation  as  a  natural  landmark  provides  protection  primarily  as  a  re- 
sult of  the  National  Environmental  Policy  Act  of  1969.   This  Act  provides  that 
for  all  federally  financed  or  licensed  activities  which  have  a  significant 
effect  on  the  environment,  an  environmental  impact  statement  must  be  written 
considering,  among  other  things,  the  occurrence  of  nationally  significant 
natural  areas  in  the  selection  of  alternatives  and  mitigating  actions.   Several 
States  across  the  Nation  have  comparable  laws  regarding  State-funded  or  licensed 
projects.   The  principal  protection  provided  by  natural  landmark  designation, 
therefore,  is  to  call  attention  to  areas  containing  exceptional  natural  values 
so  that  intelligent  planning  and  land  use  decisions  can  be  facilitated  and  if 
significant  natural  resources  are  potentially  affected,  mitigating  actions 
can  be  taken  to  minimize  the  environmental  impact.   Numerous  situations  have 
occurred  where  proposed  plans  have  been  significantly  altered  and  even 
abandoned  due,  at  least  in  part,  to  the  presence  of  natural  landmarks  at  pro- 
posed project  sites. 

Formal  agreements  between  the  National  Park  Service  and  the  U.S.  Forest 
Service,  U.S.  Fish  and  Wildlife  Service,  and  the  Bureau  of  Land  Management 
concerning  the  designation  of  natural  landmarks  on  these  public   lands  have 
created  a  more  permanent  form  of  preservation  for  these  sites.   Information 
on  registered  natural  landmarks  is  provided  to  each  administering  agency  so 
that  the  information  can  be  incorporated  into  the  management  plans  for  the 
appropriate  public  land  units.  Such  plans  form  the  basis  for  the  type  of 
management  permitted.   Natural  landmark  designation  requires  that  the  integrity 
of  the  natural  area  be  maintained;  however,  the  specific  type  of  use  permitted 
is  left  up  to  the  particular  bureau  administering  the  property.   In  other  words, 
various  types  of  use  may  be  permitted  as  long  as  the  significant  natural  values 
of  the  site  are  not  impaired.   Such  compatible  uses  might  include  nondestructive 
scientific  use,  interpretation  for  the  public,  fishing,  nature  study,  photo- 
graphy, hiking  and  other  basically  nonconsumptive  uses. 

Registered  natural  landmarks  have  also  been  established  on  other  federal 
lands  including  those  administered  by  the  U.S.  Air  Force,  U.S.  Navy,  U.S. 
Marines,  U.S.  Army,  The  Energy  Research  and  Development  Administration,  Bureau 
of  Reclamation,  Bureau  of  Indian  Affairs  and  the  U.S.  Coast  Guard.   In  most 
instances,  the  landmark  designation  brought  the  special  significance  of  these 
particular  sites  to  the  attention  of  decisionmakers.   The  registration  of 
these  sites  by  the  respective  owners  has  helped  to  insure  the  preservation  of 
several  significant  natural  areas.   Registration  of  natural  landmarks  on  State- 
owned  lands  has  also  helped  to  insure  the  long-term  protection  of  significant 
areas.  In  some  instances,  registered  natural  landmark  status  merely  provides 
another  "layer  of  protection"  to  an  already  recognized  natural  area  but  it 
does  reflect  perhaps  the  highest  level  of  importance,  that  of  national  signifi- 
cance.  In  many  instances,  however,  designation  as  a  natural  landmark  provides 
the  initial,  official  recognition  of  important  natural  areas.   This  is  especially 
true  with  sites  in  private  ownership. 
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\^ile  no  absolute  legal  protection  is  afforded  registered  natural  land- 
marks, the  recognition  factor  has  proven  to  be  quite  effective  as  a  means 
of  preservation.   The  National  Park  Service  is  continuously  providing  informa- 
tion concerning  the  locations  of  significant  natural  areas,  regardless  of 
ownership,  to  those  public  and  even  some  private  organizations  responsible  for 
planning  developments.   This  information  is  received  in  a  very  appreciative 
manner  and  is  relied  on  heavily  in  the  planning  phases  of  development  thus 
avoiding  the  needless  destruction  of  known  important  natural  resources.   At 
the  present  time,  the  Natural  Landmarks  Program  staff  knows  of  only  two 
instances  where  natural  landmarks  have  been  impacted  to  the  point  of  losing 
their  inherent  natural  integrity.   Further,  Land  and  Water  Conservation  Fund 
monies  have  been  used  in  several  instances  by  States  to  acquire  natural 
landmarks  for  State  Natural  Areas  or  other  preservation  land  use  categories. 
The  Nature  Conservancy,  a  private,  non-profit,  natural  area  preservation 
organization,  also  has  information  on  existing  natural  landmarks  as  well  as 
potential  natural  landmarks  (sites  under  study)  to  assist  them  in  setting 
priorities  for  their  natural  area  acquisition  efforts.   The  record  shows  that 
the  Natural  Landmarks  Program  has  been  effective  in  its  efforts  to  encourage 
the  preservation  of  nationally  significant  natural  areas  through  the  process 
of  recognition  on  both  public  and  private  lands. 

The  establishment  of  natural  landmarks  depends  heavily  upon  the  informa- 
tion provided  by  scientists.   The  locations  of  endangered  and  threatened  flora 
and  fauna,  the  occurrences  of  disjunct  and  relict  plant  communities,  the  site 
of  outstanding  representative  examples  of  regionally  typical  ecosystem  types, 
and  other  similar  information  are  all  essential  to  the  efficient  functioning 
of  the  Natural  Landmarks  Program  in  its  efforts  to  recognize  nationally 
significant  natural  areas.   Such  information  can  only  best  be  provided  by 
scientists.   The  Natural  Landmarks  Program  staff  is  fully  aware  of  the  sensi- 
tivity of  certain  types  of  information  including  the  precise  locations  of 
endangered  and  threatened  species,  the  locations  of  significant  fossil  deposits, 
the  occurrences  of  outstanding,  noncommercial  caves,  and  the  like.   Such 
information  is  treated  with  great  care.   Advice  on  the  possible  limited  dis- 
persal of  this  information  is  obtained  from  scientists  knowledgeable  of  the 
area  and  the  potential  threats  to  the  site's  continuing  integrity.   It  is 
vitally  important  that  information  on  outstanding  natural  areas  including 
areas  harboring  endangered  or  threatened  species  be  made  available  so  that 
development  does  not  unknowingly  destroy  unique  areas  needlessly.   The  efforts 
of  the  National  Park  Service  in  this  regard  are  helping  to  avoid  land  use  plans 
being  made  in  ignorance  of  significant  ecological  information. 

Presently,  both  the  Piedmont  and  the  Atlantic  Coastal  Plain  natural 
region  studies  involving  ecological  sites  are  completed.   Two  others,  the  Gulf 
Coastal  Plain  and  the  Appalachian  Plateaus  natural  region  studies  are 
scheduled  to  be  completed  this  summer.   The  Interior  Low  Plateaus  study  has 
recently  been  contracted  with  Dr.  Elsie  Quarterman,  Biology  Department, 
Vanderbilt  University,  Nashville,  Tennessee,  but  the  remaining  two  natural 
region  studies  involving  the  Southeast  have  not  yet  been  contracted.   If  you 
would  like  to  contribute  information  regarding  a  significant  natural  area, 
please  contact  the  Chief,  Division  of  Natural  Landmarks,  National  Park  Service, 
Department  of  the  Interior,  Washington,  D.C.  20240. 
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ROLE  OF  FISH  MB  WILDLIFE  SERVICE  CONCERNING 
ENDANGERED  FLORA 

Vernon  G.   HenryV 

Abstract. — As   the  principal  agency  of  the  Federal  Government 
with  responsibilities   for  conserArLng  wildlife  resources,   the 
Fish  and  Wildlife  Service  has  had  an  impact  on  the   flora  of  this 
nation.      Overall   3^  million  acres  nationally  and  l--3/'+  million 
acres  in  the  southeast  are  managed  by  the  Service  as  part   of 
their  refuge  system.      All  eight  major  North  American  biomes  are 
represented  by  refuge  lands  and  nearly  all  species   of  aquatic 
plants   common  to  Nox-th  America  kare  found  on  the  12.5  million 
acres  of  wetlands   of  the  refuge  system.      These  lands   include 
191  natural  areas,   U3  wilderness   areas  and  65  special  sites 
preserved  for  ecological,  scientific  or  cviltural  values.      In 
the  southeast   312, 6hk  acres   are  in  National  Historic  Land- 
marks,   Ul,892  acres  are  in  research  natural  areas   and  Ul8,02U 
acres   are  in  wilderness   areas.      Numerous   endangered  and 
threatened  plants  are   found  on  these  lands   aad  are  protected. 
Through  grant-in-aid  programs,   states  have  purchased  over 
3-l/U  million   acres   and  manage   an  additional  51  million  acres 
by  lease  or  licensing  agreement.      These  areas  have  also  played 
a  role  in  conservation  of  plants.     With  the  passage  of  the 
Endangered  Species   Act  of  19T3,  the  Fish  and  Wildlife  Service's 
role  has  expanded.      The  Service  is  now  responsible   for  listing 
and  delisting,   enforcement  of  prohibited  acts,   utilizing  other 
programs  in   furtherance  of  the  purposes  of  the  Act  and  consult- 
ing with  all  other  federal  agencies   concerning  their  programs. 

INTRODUCTION 

The  Fish  and  Wildlife  Service  has   assumed  a  more  prominent  role  recently 
in  preserving,  maintaining  and  managing  endangered  flora  as  a  result  of  the 
Endangered  Species  Act  of  19T3.      This  same  statement  is  true  to  a  lesser 
degree  of  all  land  resource  management  agencies   at  the   federal  level  and 
potentially  even  at  the  state  level.     However,  to  assume  that  passage  of  this 
legislation  initiated  the  Service's  involvement  with  endangered  flora  would 
be  erroneoios .      I  would  like  to  explore  the  past,  present  and  future  role  of 
the  Service  concerning  flora  in  general  and  endangered  flora  in  particular. 

The  Service  is  the  principal  agency  through  which  the  Federal  Government 
carries  out  its  responsibilities   for  conserving  the  wildlife  resources  of 
this  nation.      One   can  not  conserve  wildlife  without  having  a  corresponding 
effect  on  the   flora  because  the  basic  ingredient  in  wildlife  management  is 
habitat,  which  includes  all  the  organic  and  inorganic  elements  present. 
A  standard  cliche  used  in  wildlife  management  is  that  one   does  not  manage 
wildlife  but  one  manages  the  habitat.      This   is   somewhat  of  an  oversimplifi- 
cation but  the  emphasis  is  well  placed.      To   carry  it  one  step  further, 
management  of  the  habitat  normally  means  management  of  the  vegetation  because 


^  Endangered  Species  Specialist,  U.   S.    Fish  and  Wildlife  Service, 
17  Executive  Park  Drive,  N.   E. ,  Atlanta,   Georgia  30329 
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many  of  the  other  elements  are  difficult  at  best  to  manipulate.  A  perusal 
of  the  curricul\am  of  any  school  of  wildlife  management  would  show  a  strong 
foundation  in  botany. 

NATIONAL  WILDLIFE  REFUGE  SYSTEM 

One  of  the  major  ways   in  which  the  Service  impacts  the   flora  of  this 
nation  is  by  management  of  lands  under  the  Service's   control.     As   of  June   30, 
1975,   the  lands  in  the  Service's   Refuge  System  totaled  3U,136,U63  acres   in 
563  units    (U.    S.    Fish   and  Wildlife   Service  19T5a) .      The  Refuge  System  includes 
waterfowl  refuges,  waterfowl  production  areas,   general  migratory  bird 
refuges,    game  ranges,  big  game   refuges,  wildlife   ranges   and  coordination 
areas.      These  refuges  range  in  size   from  0.6   acre  to  8.9  idllion  acres   (U.    S. 
Fish  and  Wildlife  Service  1976). 

In  the  southeastern  region  £/  there  are  1,781,626  acres   involved  in 
89  units   (U.    S.    Fish  and  Wildlife  Service  1976). 

Vegetation   found  within  the   Refuge  System  includes   species   common  to 
all  eight  major  North  American  life   zones,   or  biomes.      In  the  southeast   four 
biomes   are   involved,    i.e.,   tropical   forest,    deciduous    forest,    coniferous 
forest  and  grassland.      Manipulation  of  vegetation   for  wildlife  management 
purposes  occiirs  primarily  in  three  biomes,   all  of  which  are  present  in  the 
southeast,    i.e.,   deciduous   forest,   coniferous   forest,    and  grassland.      These 
three  biomes   comprise  23  percent  of  the  total   system-wide  acreage   and  80 
percent  of  all  refuges   are   found  in  these  three  biomes. 

Although  national  refuges  protect  many  types  of  wildlife,  they  play  an 
especially  important   role  in  management  of  waterfowl,    and  thus,   in  management 
of  aquatic  flora.     Nearly  all  species  of  aquatic  plants   common  to  North  America 
are   found  on  the  12.5  million  acres  of  wetlands   encompassed  by  the  Refuge 
System  (U.    S.    Fish  and  Wildlife  Service  1976). 

The  acquisition,   leasing  and  acquiring  of  easements  of  lands   for  the 
Refuge  System  has,   in  many  cases,   prevented  the   imminent  destruction  or 
conversion  to  non-native  habitat  of  the  lands  involved  (Bureau  of  Sport 
Fisheries  and  Wildlife  1975). 

Overall,  the  major  effect  on  vegetation  is  to  provide  a  diversity,  both 
in  vegetative  types  and  successional  stages  (U.  S.  Fish  and  Wildlife  Service 
1976). 

Natural  type   areas 

All  refuge  lands   are  not  intensively  managed;   some  are  retained  perpetu- 
ally in  their  natural  state    for  several   reasons   including  inaccessibility, 
need  to  protect  endangered  species,    legal  restrictions  or  to  maintain 
naturalness.     Wilderness  areas,  scientific  sites   and  natiiral  areas   are 
examples   of  areas   preserved  in   a  natural   condition   (U.    S.    Fish  and  Wildlife 

£/ Includes : Florida,   Georgia,  Alabama,  Mississippi,  Louisiana,  Arkansas, 
Tennessee,   Kentucky,  North  Carolina,  South  Carolina,  Puerto  Rico,   and 
Virgin  Islands. 
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Service  1976). 

As   uniqiie  habitats   are   destroyed  throughout  the  Nation,   those  within 
refuges   take  on  greater  importance  and  will  receive  increased  protection 
to  maintain  their  integrity.      Refuge  personnel  will  continue  to  analyze 
the  need  for  additional  sites    for  inclusion  in  these  special  protection 
areas    (U.    S.    Fish  and  Wildlife  Service  1976). 

At  the  present  time  there  are  191  natural   areas,    U3  wilderness  areas 
and  65   special   sites  preserved  and  protected  for  their  ecological,   scientific 
and  cultural  values    (U.    S.   Fish  and  Wildlife  Service  1976).     All  of  these 
type  areas   can  and  do  play  a  role   in  preserving  endangered  plants. 

The   first  objective  in  the  recently  prepared  Environmental  Statement 
prepared  on  Operation  of  the  National  Wildlife  Refuge  System  was   as   follows: 
to  preserve,   restore   and  enhance   in  their  natural  ecosystems   all  species  of 
animals  and  plants   that   are  endangered  or  threatened  with  becoming  endangered 
on  lands  of  the  National  Wildlife   Refuge  System.      An  annual   goal  of  lU2  million 
use   days   for  threatened  and  endangered  species  was   set,   some  of  which  is   for 
plants   (U.    S.   Fish  and  Wildlife  Service  1976).  ,^, 

In  the  southeast.  Pelican  Island  is   a  National  Historic  Landmark  and 
five  areas   totaling  372, 6^+^  acres   are  listed  as  National  Natural  Landmarks. 
These  are  Wassaw  Island  (10,760  acres) — Wassaw  National  Wildlife  Refuge  in 
Georgia;   Beaver  Dam  Creek  Swamp   (530   acres) — Wheeler  National  Wildlife  Refuge 
in  Alabama;   Big  Lake  Natural  Area   {6hOO  acres) — Big  Lake  National  Wildlife 
Refuge  in  Arkansas;  Okefenokee  Swamp   (353,981   acres) — Okefenokee  National 
Wildlife  Refuge  in  Georgia;   and  White  River  Sugarberry  Natural  Area   (973 
acres) — White  River  National  Wildlife  Refuge  in  Arkansas    (U.    S.    Fish  and 
Wildlife  Service  1976). 

Research  Natural  Areas   found  on  refuges   in  the  southeast  total  Ul,892 
acres   in   31  lonits  on  I6  separate   refuges   (Table  l).      These  areas   involve 
vegetative  types   as  varied  as   sphagnum  bogs ,   cordgrass  prairie,   swamps, 
marshes,   deciduous  woody  cover,   coniferous  woody  cover   and  hardwood-pine 
mixtures.      There   are   also  I8  Public  Use  Natural  Areas  on  nine  different 
refuges   in  the  southeast  which  total  U51^   acres    (Table   2). 

Wilderness   areas  totaling  557*670  acres  have  been   designated  on 
refuges  nationally  and  i+l8,02i|  acres  of  these  are  in  the   southeast  in 
eleven  areas    (Table   3).      In  addition,   7,^93,132   acres   are  proposed  in 
Congress   and  13, 608,826  additional  acres   are   in  some  stages  of  review. 
The  proposals  include  13  areas  in  the  southeast  totaling  37,701  acres 
(U.    S.   Fish  and  Wildlife  Service  1976). 

Endangered  Plants  on  refuge   lands 

With  this   general  background,   I  wish  to  now  present  some  specific 
examples,    starting  at  the   southern  extremities  of  this   region. 

Encyclia  boothiana,   an  epiphytic   orchid  only  known  to  exist  in  a  few 
relict  populations   in  mangrove  swamps   in  the  Everglades   and  on  the   southwest 
Florida  coast  may  occur  in  the  Key  Deer  and  Great  White  Heron  National 
Wildlife  Refuges. 
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Table  3  -  Wilderness  Areas  of  the  Southeastern 
National  Wildlife  Refuges  System 


Wilderness  Area  (Refuge) 

State 

Refuge 

Wilderness 

Acres 

Acres 

Designated 

Cedar  Keys 

Florida 

378 

375 

Florida  Keys 

Florida       > 

h,lhO 

Key  West 

Florida 

2,019 

National  Key  Deer 

Florida 

7,331 

Great  White  Heron 

Florida 

1,996 

Island  Bay 

Florida 

20 

20 

Passage  Key 

Florida 

36 

36 

Pelican  Island 

Florida 

68U 

6 

St.   Marks 

Florida 

95,000 

17,7i^0 

Blackbeard 

Georgia 

5,617 

3,000 

Okefenokee 

Georgia-Fla. 

371, UU5 

353,981 

Wolf  Island 

Georgia 

5,126 

5,126 

Breton 

Louisiana 

5,0U7 

5,000 

Cape  Romain 

South  Carolina 

3^,196 

28,000 

Totals-Designated 

Areas 

528,895 

Ul8,02U 

Proposed 

Big  Lake 

Arkansas 

10,97U 

1,818 

White  River 

Arkansas 

112,399 

975 

Chassahowitzka 

Florida 

29,698 

16,900 

J.   N.    "Ding"    Darling 

Florida 

U,307 

2,735 

Lake  Woodruff 

Florida 

18,U17 

1,106 

Savannah 

Georgia-S.    C. 

13,173 

Nonsuit able 
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Table  3  (Cont'd) 


Wilderness  Area  (Refuge) 


State 


Refuge 

Wilderness 

Acres 

Acres 

31,776 

2,85U 

i+5,763 

1,200 

12,526 

180 

50,179 

590 

5,915 

180 

15,500 

9,000 

7U,353 

163 

Lacassine 
Noxubee 
Cedar  Island 
Mattamuskett 
Pea  Island 
Swan quarter 
Santee 


Louisiana 

Mississippi 
North  Carolina 
North  Carolina 
North  Carolina 
North  Carolina 
South  Carolina 


Total :   Proposed  Areas 


U2U,980 


37,701 


This   species  is   listed  in  the  Smithsonian  Institution  Report  as   threatened 
and  is  listed  as  endangered  by  the  Florida  Committee  on  Rare  and  Endangered 
Plants   and  Animals.      Although  not   all  are   listed  on  known   lists   of  endangered 
plants,  most  of  the  epiphytic  orchids   in  the  United  States   are  threatened  to 
some  extent  by  land  clearing  and  development   coupled  with  drainage   for 
agriculture  and  residential  areas. 

Cactus  Hammock,   located  in  the   southeastern-most  portion  of  Big  Pine 
Key,   is  being  considered  for  inclusion  into  the   Great  White  Heron  Refuge. 
This  area  contains   several  endangered  or  threatened  plant   species   including 
the   following   cacti:      Cereus   robinii ,   Cereus   gracilis   var.    simpsonii ,    Cereus 
eriophorus  var.    fragrans,    Opuntia  triacantha  and  Opijntia  cubensis .      The   first 
three   are  listed  as  endangered  and  the   fourth  as  threatened  in  the  Snithsonian 
Report.      Cereus   robinii    is    also  listed  as   endangered  by  the   Florida   Committee 
on  Endangered  Plants   and  Animals   and  this   same   group  listed  prickly  apples 
(Cereus  gracilis  var.    simpsonii )    as  threatened.      One  variety  of  the  tree 
c actios ,   C_.    robinii  ,  occurs  nowhere  else   in  the  world.      The  prickly  pear 
(Opuntia  cubensis)    is  not    found  on  known  lists   of  endangered  flora  but, 
like  _C.   robinii,    is   found  nowhere  else  in  the  world  and  should  probably  be 
listed.     Wild  Cotton   (Gossypium  hirsutum) ,   listed  as  endangered  by  the  Florida 
Committee,   is   also   found  in   Cactus  Hammock. 

Moving  up  the   coast,   Loxahatchee  National  Wildlife  Refuge  harbors   at 
least  two  species   in  trouble.      One  is  the  Ray  fern   (Schizaea  germanii),  a  rare 
fern  thought  not  to   occur  outside  of  the  Everglades,    is   listed  as   endangered 
by  the  Smithsonian  Report  and  as   rare  by  the  Florida  Committee.      Indeed,   the 
Everglades   community  as  a  whole  is   rare  and  endangered  by  drainage   and 
alteration  by  man.      The   everglades  habitat  under  Federal   control  provides 
the   only  sanctuaries   into  which  humans   are  not   allowed  and  Loxahatchee 
comprises  one   of  the  last  unaltered  sections  of  the  Everglades.      These   refuge 
lands  will  continue  to  harbor  the  basic  plant   communities   of  the  glades   after 
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other  sections  no   longer  exist.      Another  plant,   the   covhorn  orchid  or 
butterfly  orchid  ( Qyrtopodium  punctatim) ,    listed  as   threatened  by  the 
Florida  Committee,   vas   once  wide-spread  in    Cypress   swamps   in  South   Florida, 
including  Loxahatchee.      It  has  been  virtually  eliminated  by   collectors  but 
re-introduction  into  suitable  habitat  would  be  possible. 

Moving  northward,   Kobe  Sound  National  Wildlife  Refuge  was   one  of  the 
last  places  where  Onicidium  variegatum,    another  orchid,  was   found  in 
abundance  in  the  wild.      This   species   is  listed  as   threatened  by  the   Florida 
Committee.      Re- introduction  is   a  real  possibility  here   since  adequate 
protection  could  be   afforded  to  get  the   species  reestablished. 

In  Georgia,  we,   of  course,  have  the  Olcefenokee   Refuge  which  contains 
unique  plant   communities.      The  only  species   I  am  currently  aware  of  that  is 
included  in  endangered  listings   of   flora  is  Pinckneya  pub ens ,  which  is  listed 
as   threatened  in  the  Smithsonian  Report. 

The  umbrella  magnolia   (Magnolia  tripetala)    is    found  in  one  known 
location  on  the  Piedmont  National  Wildlife   Refuge   and  is  probably  worthy  of 
threatened  status,   at  least   at  the  State   level,   although  not  currently  listed. 
Other  uncommon  plants   are   found  on  Piedmont  which  are  not  believed  to  be 
critically  threatened  at  this  time. 

In  South  Carolina,   the   Carolina  Sandhills  National  Wildlife   Refuge 
contains   several  plants  worthy  of  mentioning.      The   sweet  pitcher  plant 
(Sarracenia  rubra)    and  the  pixie  moss    (Pyxidanthera  brevifolia)    are   listed 
as   threatened  species   in  the  Smithsonian  Report.      These  two  species   and  two 
others,   Sarracenia  flava,    the  yellow  pitcher  plant,    and  a  hybrid  pitcher 
plant   (Sarracenia  flava  x  Sarracenia  purpurea)    are  also  listed  in  the  list 
of  Rare   and  Endangered  Vascular  Plants   of  South  Carolina^   (Unpublished). 

Although  the   above  examples   do  not   represent  a  complete  cross   section 
of  the  National  Wildlife  Refuge  System  in   terms   of  states,  habitats,   etc., 
I  think  they  do  illustrate  the   role   refuges   can  and  do  play  in  conservation 
of  endangered  plants . 

GRANT-IN-AID  PROGRAM 

Another  way  that  the  Fish  and  Wildlife  Service  has  played  a  role  in 
conservation   of  endangered  plants   is  through  the  Federal  grant-in-aid 
programs   to  the  states  through  the  Pittman-Robertson  Act.      Through  this 
program  states  have  purchased  over  3-1/^  million  acres   and  manage   an 
additional  51  million  acres  through  leases   or  licensing  agreements    (U.    S. 
Fish  and  Wildlife  Service  19T5b).      Although  purchased  for  wildlife,  these 
areas  have   also  played  an  important   role   in  conservation  of  plants,    in  the 
same  way   as  the  National  Wildlife   Refuge  System.      I   do  not  have   specific 
examples  to  offer  but   I  have   complete  confidence   that  numerous   unique  and 
threatened  species   are   foimd  on  these  lands   and  have  benefitted  from  the 
management   of  these  lands . 
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ENDANGERED  SPECIES  ACT  OF  1973 

That  trings  us  to  recent  times  and  the  role  of  the  Fish  and  Wildlife 
Service  under  the  Endangered  Species  Act  of  1973  (93rd  Congress,  S.1983, 
1973).   The  Secretaries  of  Agriculture,  Commerce  and  Interior  all  have 
responsibilities  under  the  Act.  However,  Agriculture's  responsibility  is 
limited  to  importation  and  exportation  of  terrestial  plants .   The  other 
functions  under  the  act  relating  to  plants  are  the  responsibility  of  the 
Fish  and  Wildlife  Service  and  the  National  Marine  Fisheries  Service.   No 
agreement  is  presently  in  effect  between  these  agencies  as  to  the  division 
of  responsibility  for  plants. 

The  role  of  the  Service  for  plants  under  the  Act  is  basically  four-fold. 
First  is  the  job  of  listing  and  delisting  species.   Second  is  the  enforce- 
ment of  the  prohibited  acts  set  forth  in  the  Act.   These  prohibited  acts 
concern  import  and  export  of  listed  species,  being  a  party  to  commercial 
activity  in  these  species  in  interstate  or  foreign  commerce  and  violation 
of  any  promulgated  regulation  regarding  the  species. 

The  third  role  concerns  the  reviewing  of  all  programs  administered 
by  the  Service  and  utilizing  these  programs  in  furtherance  of  the  purposes 
of  this  Act.   The  fourth  role  under  the  Act  is  consultation  with  all  other 
federal  agencies  to  see  that  they  utilize  their  authorities  in  fiirtherance 
of  the  purposes  of  the  Act.   These  last  two  roles  are  spelled  out  in 
Section  7  of  the  Act.   It  directs  all  Federal  agencies  to  carry  out  programs 
for  the  conservation  of  endangered  and  threatened  species  listed  pursuant 
to  the  Act  and  to  take  necessary  action  to  insure  that  actions  authorized, 
funded  or  carried  out  by  them  do  not  jeopardize  the  continued  existence  of 
such  species  or  result  in  the  destruction  or  adverse  modification  of 
critical  habitat  of  such  species. 

Another  provision  of  the  Act  that  should  be  mentioned  is  that  funds 
made  available  pursuant  to  the  Land  and  Water  Conservation  Fund  Act  of 
1965  may  be  used  for  acquiring  lands  for  endangered  and  threatened  species, 
including  plants.   Through  fiscal  year  1975  a  total  of  $l6.3  million  has 
been  appropriated  for  acquisitions  beneficial  to  endangered  species. 
Projections  for  the  Fish  and  Wildlife  Service  indicate  $2^5  million  are  needed 
to  acquire  ^55,000  acres  in  the  next  six  years  to  adequately  carry  out  the 
legislative  mandate  of  the  Endangered  Species  Act  (U.  S.  Fish  and  Wildlife 
Service  1976). 

At  the  present  time  there  are  no  native  plants  listed  as  endangered  or 
threatened.  However,  the  Smithsonian  Institution  prepared  a  report  as 
authorized  by  Section  12  of  the  Endangered  Species  Act,  that  listed  over 
3000  plants  ss   endangered  or  threatened  (Smithsonian  Institution  1975). 
This  list  is  currently  being  given  a  status  review  by  the  Fish  and  Wildlife 
Service  and  a  proposed  rulemaking  to  list  many  of  these  plants  is  now  being 
formulated  and  should  be  published  in  the  Federal  Register  shortly. 

DISCUSSION  AND  SUMMARY 

Listing  of  plants  will,  of  course,  place  more  emphasis  on  endangered 
plants  and  thus,  the  Fish  and  Wildlife  Service  will  continue  to  increase 
its  role  in  conserving  endangered  and  threatened  plants .   I  think  the 
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material  just  presented  shows  that  the  Service  has  played  a  role  in  the 
past  in  conserving  plants,  although  it  may  have  been  largely  in  an  indirect 
way,  and  this  role  will  expand. 
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A  COHERENT  APPROACH  TO  THE  PROTECTION  OF  ENDANGERED  SPECIES 

by 
Charles  M.  Parrish  III,  Executive  Assistant 
Georgia  Department  of  Natural  Resources 
ABSTRACT 

At  the  State  level  there  are  several  techniques  avail- 
able to  ensure  protection  of  endangered  plant  species,  in 
addition  to  acquisition  of  natural  areas.  Actual  purchase 
of  habitat  is  certainly  one  method,  but  it  is  expensive  and  the 
impact,  in  terms  of  the  number  of  species  protected  is  not 
impressive.  Other  techniques  include  managing  all  state- 
owned  lands  for  endangered  species,  educating  and  assisting 
private  landowners  and  incorporating  endangered  species 
criteria  as  an  integral  part  of  A-95  and  NEPA  environmental 
reviews.  In  order  for  these  efforts  to  be  effective,  a 
systematic  and  thorough  endangered  plants  inventory,  under- 
taken cooperatively  by  scientists,  citizens  and  government, 
must  be  vigorously  pursued. 

The  assigned  topic  for  this  discussion  was  the  "Preservation  of 
Endangered  Plant  Species  Through  Natural  Areas",  and  while  that  is  an 
important  tool  in  state  preservation  efforts,  it  is  only  one  of  a 
variety  of  techniques  available  to  us.  It  becomes  an  even  more  limited 
tool  if  one  means  by  "Preservation  of  Endangered  Plant  Species  Through 
Natural  Areas,"  the  actual  acquisition  in  fee  simple  of  those  natural 
areas.  The  discussion  which  follows  will  be  about  the  State  of  Georgia's 
program,  what  we  like  to  think  is  a  coherent,  practical  and  effective, 
if  fledgl  ing  program  for  the  protection  of  endangered  plant  species. 

In  order  to  protect  endangered  species,  we  must  protect  the  habitat, 
and  there  are  a  number  of  tools  available  to  accomplish  this  objective. 
The  most  obvious  and  direct  approach  to  protection  of  habitat  is  to 
simply  go  out  and  buy  it.  The  Georgia  Heritage  Trust  Program,  established 
in  1972  by  Governor  Jimmy  Carter,  is  a  continuing  and  systematic  acqui- 
sition program,  designed  to  identify  and  rank  for  public  acquisition 
those  lands  that  best  exemplify  our  natural  and  cultural  heritage.  The 
program  is  comprehensive  in  that  all  land  acquisition--for  wildlife 
management  areas,  parks,  historic  sites,  natural  areas,  water  access, 
scientific  and  educational  purposes,  trails--is  channelled  through  the 
Heritage  Trust.  The  result  is  coordination,  expertise  and  flexibility 
in  acquisition  heretofore  impossible.  More  importantly  multi-purpose 
use  of  sites  is  programmed  from  the  beginning,  insuring  that  the  public 
will  derive  maximum  benefit  from  the  site. 

While  the  presence  of  endangered  species  is  an  important  criteria 
in  the  acquisition  of  natural  areas  through  the  Heritage  Trust  program, 
the  Department  also  looks  for  areas  that  are  relatively  undisturbed,  that 
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retain  their  natural  characteristics  and  contain  populations  of  plants 
and  animals  worthy  of  protection  for  educational  and  interpretive  pur- 
poses as  well  as  for  the  simple  enjoyment  of  man. 

Panola  Mountain  State  Park,  a  537-acre  park  located  18  miles  south- 
west of  Atlanta,  is  such  an  area.  It  is  characterized  by  rock  outcrops 
and  contains  a  number  of  species  endemic  to  granite  outcrops  such  as 
Elf-orpine,  (Diamorpha  cymosa  (Nutt.)  Britton).  Panola  is  a  conserva- 
tion park  with  a  system  of  self-guided  nature  trails  and  interpretive 
programs  to  encourage  visitors  to  listen,  watch,  smell,  taste  and  spir- 
itually touch  a  small  tract  of  wilderness. 

Through  the  Heritage  Trust  Program,  the  State  of  Georgia  has  acquired 
natural  areas  in  order  to  protect  endangered  species  in  several  instances, 
the  most  notable  example  of  which  was  the  acquisition  of  the  Phillips 
Tract  or  the  "Big  Hammock  Natural  Area,"  a  750-acre  tract  of  land  located 
in  Tattnall  County  in  the  coastal  plain  in  Georgia. 

The  Phillips  Tract  consists  predominantly  of  a  Pleistocene  (or  old- 
er) Sand  Ridge  on  the  northeast  side  of  the  Altamaha  River  flood  plain. 
The  site  contains  one  of  the  last  remaining  undisturbed  evergreen  broad- 
leaf  hammocks  along  the  entire  border  of  the  Altamaha  River  Swamp  from 
Tattnall  County  southeast  to  Mcintosh  County.  Included  in  the  site  is  a 
strip  of  the  Altamaha  flood  plain  on  the  southwest  border,  and  a  series 
of  drainageways  on  the  northeast  side  that  are  dominated  by  Pond  Cypress 
(Taxodium  ascendens),  Black  Gum  (Nyssa  sylvatica),  Ogeechee  Lime  (Nyssa 
ogeche),  and  Wax  Myrtle  (Myrica  ceriferaT! 

There  are  several  unique  features  associated  with  this  sand  ridge. 
The  forest  contains  the  largest  breeding  population  of  Georgia  Plume 
(Elliottia  racemosa)  known  to  exist,  and  the  largest  population  or  stand 
of  Myrtle  Oak  (Quercus  myrtifolia)  known  to  occur  in  the  interior  of 
Georgia  (Bozeman,  1971). 

The  Georgia  Plume  is  presently  found  in  only  eight  counties  in 
the  State  of  Georgia.  The  plant  is  a  primitive  member  of  the  Heath 
Family  (Erecaceae)  with  its  closest  relatives  found  in  Japan  (Wood,  1961). 
It  grows  commonly  as  a  shrub  or  small  tree  and  requires  a  sandy,  well- 
drained  soil.  Attempts  at  transplanting  this  species  for  the  horticul- 
tural trade  have  been  quite  unsuccessful  for  over  a  decade  since  the  plant 
can  be  propagated  only  rarely  by  seed,  and  with  some  difficulty  by  root 
sprouts. 

The  most  important  aspect  of  this  tract  of  land  is  that  it  contains 
more  plants  of  Georgia  Plume  than  all  the  other  known  populations  com- 
bined. These  plants,  which  inhabit  more  than  400  acres  in  this  site, 
consistently  produce  more  seed  than  other  known  populations,  a  possible 
reflection  of  the  genetic  variability  and  vitality  of  the  populations. 
This  site  is  truly  a  one-of-a-kind,  last-of-its-kind,  which  must  be  pro- 
tected. 
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The  myrtle  oak  (Quercus  myrtifolia)  is  a  characteristic  shrubtree  of 
the  Sand  Pine-Scrub  forest  of  the  Central  Highlands  Region  of  Florida 
(Laessle,  1958).  It  has  a  sporadic  distribution  almost  entirely  limited  to 
the  Lower  Coastal  Plain  in  Georgia  where  it  occurs  on  marine  bars  and  allu- 
vial sand  hammocks  of  Pleistocene  age  (Bozeman,  1971).  This  stand  of  myrtle 
oak  represents  the  most  inland  and  most  extensive  population  in  the  Atlantic 
Coastal  Plain,  north  of  Florida  and  could  very  well  be  a  Pleistocene  relic. 

From  the  State  perspective,  management  of  this  site  for  public  edu- 
cation and  enjoyment,  while  preserving  and  enhancing  the  resources  for 
which  it  was  acquired, represents  a  tremendous  challenge.  Currently,  use 
of  the  area  is  limited  to  educational  and  research  activities  with  visits 
by  various  universities  and  colleges  allowed. 

Obviously,  acquisition  of  habitat  is  the  most  effective  means  of  pro- 
tection. Management  for  preservation  is  ensured.  But  what  are  the  limi- 
tations of  this  approach?  The  answer  is  largely  told  in  dollars  and  cents 
and  the  story  is  exemplified  by  the  Georgia  Heritage  Trust  Program.  In 
1973,  at  the  program's  inception,  the  Georgia  General  Assembly  appropri- 
ated $12.5  million  for  the  Heritage  Trust  and  we  maintained  that  an 
appropriation  of  that  magnitude  was  needed  for  at  least  ten  years  in 
order  to  preserve  endangered  pieces  of  Georgias  natural  and  cultural 
legacy.  In  1974  the  appropriation  to  Heritage  Trust  was  $538,449;  in 
1975,  $590,000;  and  in  1976  $50,000.  Economic  hard  times  hit  State 
government  severely.  The  Department  of  Natural  Resources  suffered  budget 
cuts  of  1.7  million  in  FY  1976.  We  bit  the  bullet,  but  clearly  the 
message  was  that  many  programs  would  suffer.  This  was  true  for  many 
Departmental  programs  of  long-standing  as  well  as  for  newer  and  more 
tentative  programs  such  as  Endangered  Species  Protection. 

Even  in  times  of  economic  growth  and  well-being,  a  single-minded 
approach  to  protection  of  endangered  species  through  acquisition  would 
likely  fail.  There  are  always  limited  resources  and  competing  demands. 
Political  support  for  a  large  number  of  single-purpose  acquisitions  would 
be  unlikely,  and,  the  management  problems  created  by  a  large  number  of 
sites  required  to  protect  an  endangered  or  threatened  species  would  be 
awesome.  Even  if  the  State  selected  sites  for  maximum  density,  the 
impact  in  terms  of  the  number  of  species  protected  would  not  be  that 
impressive. 

We  have  found,  however,  that  in  thinking  about  the  problems  I  have 
enumerated  above  that  there  are  workable  alternatives  to  outright  pur- 
chase which  will  result  in  an  effective  and  vital  endangered  species 
program  in  Georgia. 

Certainly,  the  first  task  is  to  ensure  that  protection  of  endangered 
plant  species  is  a  criteria  in  all  purchase  and  management  of  state- 
owned  land.  On  property  already  owned  by  the  State  we  are  adopting 
management  objectives  emphasizing  a  conscious  application  of  the  principles 
of  management  for  the  protection  of  endangered  species. 
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It  was  through  our  Systems  Planning  and  Master  Planning  efforts  that 
we  discovered  the  need  to  intensify  management  of  state-owned  land  for 
protection  of  endangered  species.  We  have  just  completed  a  Parks  and  His- 
toric Sites  System  Plan  which  identified  a  need  to  assess  the  presence  of 
rare  or  endangered  species  on  all  property--that  property  proposed  for 
acquisition  and  that  already  in  State  ownership.  General  Development  Plans, 
developed  for  each  park  in  the  State  system,  indicate  the  actual  physical 
location  of  these  areas  on  the  park  maps.  These  sites  are  then  designated 
as  "Special  Management  Areas,"  and  detailed  prescriptions  for  management 
are  drawn  up  and  given  to  the  Park  Superintendents  to  guide  their  protec- 
tion efforts.  Endangered  species  experts  are  prepared  to  go  to  these 
sites  to  sensitize  and  train  on-site  managers  to  the  principles  of 
management  for  protection  of  rare  and  endangered  species  located  in  their 
parks.  At  Reed  Bingham  State  Park,  the  Superintendent  recently  burned  a 
pitcher  plant  bog.  Fortunately,  in  this  case,  he  took  the  appropriate 
action.  But  it  illustrated  for  us  the  vital  need  to  educate  some  fifty 
Park  Superintendents  located  all  over  the  State,  about  proper  management 
techniques  for  endangered  species  protection. 

We  anticipate  Systems  Plans  for  Wildlife  Management  Areas  and  Natural 
Areas,  which  will  incorporate  among  their  objectives  emphasis  on  preser- 
vation of  endangered  species.  General  Development  Plans,  undertaken  for 
each  site  will,  as  in  the  case  of  Parks,  provide  prescriptions  for  Special 
Management  Areas. 

Wildlife  Management  Areas  represent  real  opportunities  for  special 
management.  Generally,  wildlife  management  areas  are  large  tracts  of  land 
often  containing  a  number  of  natural  areas  deserving  special  treatment. 

A  good  example  of  this  kind  of  opportunity  is  the  Lewis  Island  Tract 
on  the  Altamaha  River  in  Mcintosh  County.  This  5,500-acre  tract  containing 
the  only  known  stand  of  virgin  cypress  in  the  State  is  part  of  the  18,000- 
acre  Altamaha  Waterfowl  Management  Area.  In  the  future,  in  addition  to 
being  managed  for  waterfowl,  it  will  represent  an  important  natural  and 
interpretive  area. 

With  the  knowledge  that  we  can  never  hope  to  acquire  all  of  the 
habitat  necessary  to  protect  threatened  or  endangered  species  we  will 
continue  to  acquire  critical  pieces  of  land,  like  the  Phillip's  Tract 
and  Lewis  Island,  and  to  manage  our  own  land  with  protection  as  a  major 
objective. 

But  a  second  thrust,  and  perhaps  an  even  more  important  one  in  the 
long  term,  involves  our  work  with  landowners  across  the  State.  In  order 
to  be  truly  effective,  the  State  must  work  closely, advising  and  assisting 
private  landowners  about  the  presence  and  proper  management  of  endangered 
plant  species  on  their  property.  That,  in  turn,  necessitates  a  well 
publicized  and  free  exchange  of  information  among  scientists,  landowners. 
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and  the  public  in  general  in  order  to  identify  and  locate  species  that 
warrant  protection. 

A  dramatic  example  of  the  possibilities  of  this  cooperative  approach 
can  be  illustrated  by  our  work  with  a  major  timber  company  on  the  Altamaha 
River  in  Southeast  Georgia.  The  area  under  study  involves  250,000  acres 
of  land  and  64  river  miles  along  the  Altamaha  River.  The  property  contains 
representatives  of  approximately  12%  of  the  plants  and  animals  on  the  State 
list  of  endangered  or  threatened  species.  We  have  already  identified  nine 
species  of  animals  that  are  on  the  State  list  of  endangered  animals  in- 
cluding the  Short-Nosed  Sturgeon,  the  Alligator,  the  Eastern  Brown  Pelican, 
and  the  Southern  Bald  Eagle,  among  others.  There  are  likewise  at  least 
ten  endangered  plants  that  we  have  either  seen  or  suspect  because  of 
appropriate  habitat  including  Pond  Spice  (Litsea  aestivalis)  and  Swamp 
Holly  (Ilex  amelanchier) .  Our  job  is  to  identify  areas  for  special 
management  and  to  propose  the  form  that  the  special  management  should 
take;  whether  it  be  buffer  strands  along  the  shoreline  or  natural  areas 
inland  from  the  river  that  should  not  be  timbered,  or  which  should  be 
burned,  or  which  need  some  kind  of  special  prescription.  It  is  yery 
likely  that  some  of  the  shoreline  buffer  strands  will  be  donated  to  the 
State  to  manage.  However,  we  are  hopeful  that  some  of  the  inland  sites 
which  will  remain  in  private  ownership  will  be  managed  by  prescriptions 
prepared  by  State  botanists  and  biologists. 

Another  example  of  a  request  for  assistance  involved  a  private  in- 
dustry with  headquarters  on  the  Chattahoochee  River.  They  owned  habitat 
appropriate  for  several  endangered  plant  species  and  contacted  the 
Department  for  assistance  in  establishing  a  natural  wildflower  garden 
emphasizing  rare  or  endangered  plants.  The  property  consists  of  70  acres 
of  upland  hardwood  that  will  probably  support  pink  and  yellow  lady  slippers 
and  a  variety  of  rhododendrons. 

In  order  for  the  State  to  take  advantage  of  these  opportunities  and 
in  order  for  us  to  initiate  cooperation  with  landowners,  we  must  do 
several  things.  First,  we  must  maintain  a  diligent  and  continuing  program 
to  inventory  endangered  species.  Within  the  Department  of  Natural  Resources 
we  have  two  major  programs  that  address  this  need.  The  Natural  Areas  Unit, 
through  information  made  available  by  the  State  Resources  Assessment  Pro- 
gram (including  topographic  maps,  soils  and  vegetation  maps  and  aerial 
photographs)  identified  those  environments  where  populations  of  endangered 
species  are  likely  to  occur.  Using  that  information  and  following  leads 
provided  by  fellow  botanists  and  concerned  citizens,  the  Natural  Areas 
Unit  conducts  field  inspections  of  each  site. 

A  file  is  maintained  on  each  site.  Such  an  inventory  is  critical 
for  identifying  populations  of  endangered  species  that  might  be  destroyed 
by  various  development  projects.  One  of  the  most  critical  tasks  before 
us  now  is  developing  the  capability  to  work  with  developers  in  the  planning 
stages  of  their  projects  by  assisting  them  in  the  development  of  alternatives 
that  lessen  the  impact  of  human  expansion  on  endangered  species.  A  good  example 
of  the  need  for  this  capability  is  the  Appalachian  Highway  Project  or 
Georgia  400,  a  development  highway  proposed  for  North  Georgia. 
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In  the  fall  of  1975,  the  Department  of  Natural  Resources  reviewed 
the  Draft  Environmental  Impact  Statement  for  this  project.  Five 
alternative  routes  were  described  in  the  Draft  EIS  and  a  list  of 
endangered  plants  accompanied  each  alternative.  They  were  not  located 
on  a  map  and  our  inventory  was  not  adequate  to  assess  the  accuracy  of 
the  list.  But  the  real  issue  here  is  that  we  should  have  been  looking 
at  the  problem  long  before,  when  the  alternatives  were  being  formulated. 
With  an  adequate  inventory  we  could  have  recommended  routes  that  would 
have  avoided  critical  colonies  of  endangered  species.  We  must  develop 
that  capability. 

Our  greatest  need  in  Georgia  now  is  'to  concentrate  our  efforts  on 
a  systematic  inventory  of  endangered  plants  in  our  State.  The  Depart- 
ment, through  its  environmental  review  of  Federally-supported  projects 
that  occur  in  Georgia,  can  have  a  tremendous  impact  on  protection  of 
endangered  species.  But  we  must  know  where  they  are.  We  must  begin 
to  seek  more  information  and  assistance  from  scientists  and  we  must 
encourage  the  public  at  large  to  share  information. 

In  the  context  of  our  review  of  federally  assisted  projects  in  the 
State,  we  must  encourage  major  land-holding  Federal  agencies  in  our 
State,  such  as  the  U.  S.  Forest  Service,  to  identify  and  designate 
special  management  areas  within  the  national  forests.  While  manage- 
ment of  the  Chattahoochee  National  Forest  seems  to  be  increasingly 
sympathetic  to  these  kinds  of  concerns,  it  is  our  duty  as  the  state 
natural  resources  agency  to  assist  them  in  data-gathering  and  to  advise 
them  about  special  management  for  protection  of  endangered  species. 

Section  404  of  PL  92-500  mandated  that  the  Federal  government 
issue  permits  for  the  discharge  of  dredged  or  fill  material  into 
navigable  waters.  This  three-phased  program,  administered  by  the  U.  S. 
Army  Corps  of  Engineers,  will  eventually  require  permits  for  any  dredging 
activities  on  any  stream  or  wetland  in  the  entire  State.  As  you  know, 
coastal  and  inland  wetlands  represent  niches  that  are  often  rich  with 
endangered  or  endemic  species.  This  program  represents  a  real  oppor- 
tunity to  protect  endangered  species  through  our  review  process. 

But  the  entire  program  has  been  threatened  in  the  House  by  the 
introduction  of  the  Breaux  Amendment  to  H.R.  9560,  which  would  redefine 
navigable  waters  to  include  only  those  waters  that  support  interstate 
or  foreign  commerce.  If  we  lose  the  404  program,  we  lose  a  major  tool 
for  protecting  endangered  species. 

Another  major  thrust  of  our  efforts  must  be  toward  implementing 
the  Federal  Endangered  Species  Act,  which  required  that  once  a  species 
is  identified  as  endangered,  a  management  plan  must  be  established  to 
restore  the  species.  We  must  use  publicly  owned  lands  in  that  effort 
and  we  must  acquire  public  lands  with  that  objective  in  mind.  As  a 
small  part  of  that  effort,  the  Natural  Areas  Unit  is  establishing  a 
catalog  of  habitats  available  for  transplanting.  The  physical 
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parameters  of  each  site  are  described  in  great  detail,  so  that  if 
destruction  of  an  endangered  plant  is  inevitable,  it  can  be  moved 
to  an  appropriate  site. 

We  also  need  to  turn  our  efforts  to  enforcing  the  rules  and 
regulations  already  in  existence  for  protection  of  endangered  plants. 
The  Board  of  Natural  Resources  has  adopted  "Rules  and  Regulations  for 
the  Protection  of  Endangered,  Threatened,  Rare  or  Unusual  Species". 
These  regulations  officially  designate  a  list  of  plants  and  animals 
which  will  be  protected  in  Georgia  and  provide  a  procedure  for 
nomination  to  the  list.  Removal  of  any  protected  plant  species  from 
public  land  is  prohibited  unless  permitted  by  the  Department.  Sale 
of  any  protected  plant  species  is  prohibited  unless  the  plant  was 
grown  on  private  land  and  is  being  sold  by  the  landowner  or  with  the 
permission  of  the  landowner.  Furthermore,  removal  of  protected  plants 
from  private  land  is  forbidden  without  a  permit  from  the  Department 
and  written  permission  from  the  landowner. 

These  regulations  will  provide  us  with  a  means  to  regulate 
collecting,  a  practice,  which  as  frequently  as  transportation  pro- 
jects destroys  colonies  of  endangered  plants. 

Clearly,  we  have  many  tools  at  our  disposal  to  ensure  protection 
of  endangered  plant  species.  But  if  we  are  to  be  truly  effective,  we 
must  work  together  in  our  efforts.  Scientists  must  work  with  public 
officials  and  public  officials  at  the  State  level  must  take  the 
initiative  with  private  landowners  and  must  encourage  a  sensitive 
attitude  on  the  part  of  other  State  agencies  and  Federal  agencies. 
We  must  understand  together  what  and  where  the  resources  are  that 
we  want  to  protect  and  how  we  want  to  protect  them.  Then  we  will 
be  able  to  make  coherent  and  informed  decisions  about  the  future  of 
these  resources. 
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THE  STATE  NATURAL  HERITAGE  PROGRAMS 
Robert  M.  Chipleyl/ 

Abstract . --The  Nature  Conservancy  has  established  the  State 
Natural  Heritage  Programs  to  create  a  systematic  process  for  the 
management  and  analysis  of  ecological  data  on  the  elements  of  nat- 
ural diversity,  which  include  plant  commionity  types,  aquatic  types, 
and  endangered,  threatened  and  rare  flora  and  fauna.   The  programs 
are  conducted  in  cooperation  with  an  agency  of  the  state  govern- 
ment.  In  the  Southeast,  programs  are  currently  underway  in  North 
Carolina,  South  Carolina,  Tennessee,  M:^ssissippi ,  and  West  Virginia. 

There -are  scientific,  practical,  and  esthetic  reasons  for  wanting  to  pre- 
serve genetic  diversity.   The  purpose  of  this  brief  presentation  is  to  point 
out  that,  in  the  case  of  endangered  plants,  we  can  at  least  come  close  to  this 
goal,  if  the  task,  is  approached  systematically. 

Since  endangered  plants  are  rarities ,  frequently  confined  to  unusual  or 
marginal  habitats ,  this  means  that  this  ten  percent  of  the  flora  occupies  a 
very  limited  amount  of  groiand,  probably  less  than  one  percent  of  the  land  mass 
CJenkins  1975).   A  minimum  system  of  preserves,  if  accurately  aimed  at  this 
fraction  of  the  landscape,  could  probably  perpetuate  most  of  these  species. 
The  problem  bacomes ,  then,  the  systematic  identification  and  protection  of  the 
habitats  most  critical  for  this  fraction  of  the  American  flora. 

At  The  Nature  Conservancy,  our  approach  toward  the  problem  of  identifi- 
cation and  protection  of  critical  habitats  has  been  to  create  what  we  term 
the  State  Natural  Heritage  Programs.   At  present,  five  of  our  eight  programs 
are  in  the  Southeast,  so  we  have  a  particular  interest  in  and  commitment  to 
this  part  of  the  country.   The  states  in  which  we  currently  have  ongoing  or 
forthcoming  programs  are  North  Carolina,  South  Carolina,  Tennessee,  Missis- 
sippi, and  West  Virginia.   The  stated  purpose  of  the  program  is  to  preserve, 
in  the  greatest  degree  possible,  the  spectrum  of  natural  diversity  which 
exists  in  the  state.   The  programs  are  generally  conducted  under  a  one-year 
contract  or  memorandiom  of  agreement  with  an  appropriate  state  agency,  such  as 
the  state  department  of  conservation.   At  the  end  of  one  year,  a  comprehen- 
sive system  for  the  accession,  management  and  analysis  of  ecological  data  is 
delivered  to  the  state. 

Tfie  Heritage  Program  generally  consists  of  four  phases.  These  are  (1) 
Program  Development,  (2)  the  Pilot  Inventory,  (3)  Protection  Planning,  and 
(4)  Program  Continuation  and  Implementation. 

PROGRAM  DEVELOPMENT 

Program  Development  involves  hiring  and  training  the  program  staff,  set- 
ting up  the  office  in  the  state,  creating  a  classification  system  of  what  we 
term  the  elements  of  diversity,  and  installing  the  data  management  apparatus. 
The  last  two  points  are  the  core  of  the  methodology,  and  will  be  further  ela- 
borated. 

—   Staff  Ecologist,  State  Natural  Heritage  Programs,  The  Nature  Conservancy, 
Arlington,  Va. 
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Classification  System 

The  purpose  of  the  classification  system  is  to  create  a  listing  of  what 
we  term  the  elements  of  natural  diversity  occurring  in  the  state.   As  defined 
by  the  program,  an  element  is  a  natural  feature  of  particular  interest,  either 
because  it  is  unique  or  endangered  within  the  state  or  nationally  (such  as 
the  Tennessee  Cone  Flower)  or  because  it  represents  an  important  type  (such 
as  the  Cypress-Tupelo  Swamp) .   The  purpose  of  the  classification  system  is 
to  identify,  define,  and  catalog  these  elements  by  class.   This  structure 
forms  the  basis  for  the  orderly  gathering  of  information  during  the  inven- 
tory phase  of  the  program.   Initially,  the  classification  system  will  involve 
a  hierarchical  ordering  of  plant  communities  and  aquatic  types,  and  a  listing 
of  special  species  (including  those  which  are  endangered,  threatened,  rare, 
endemic,  peripheral,  or  otherwise  of  particular  concern  and  interest) .   The 
system  may  be  expanded  to  include  geological,  historical,  archeological,  and 
other  classes  of  elements.   In  addition,  as  further  information  becomes  avail- 
able, new  elements  may  be  added  under  each  class,  and  some  existing  elements 
may  be  redefined,  broadened,  or  stobdivided.   The  classification  is  completed 
with  the  input  of  in-state  experfe ,  previous  scientific  work  and  already  ex- 
isting national  and  state  classification  schemes.   The  underlying  assumption 
of  the  classification  is  that,  if  we  can  locate  protected  examples  of  each 
of  the  described  types  and  species,  we  will  have  gone  a  long  way  toward  pre- 
serving the  natural  diversity  of  the  state. 

Data  Management  System 

Information  is  collected  and  stored  on  an  element-by-element  rather  than 
site-by-site  basis.   The  data  mcinagement  system  consists  of  two  components: 
the  manual  files  and  the  computer-assisted  Lowest  Common  Denominator  File. 
The.  extensive  manual  files  contain  information  on  each  of  the  elements  in 
the  classification,  map  files  for  maintaining  and  displaying  the  localities 
cf  the  various  elements,  aerial  photos,  and  other  pertinent  information.   The 
computer-assisted  Lowest  Common  Denominator  Element  File  is  designed  to  in- 
corporate efficiently  the  minimum  amount  of  data  necessary  for  analysis  of 
the  location  and  characteristics  of  occurrences  of  the  elements,  and  direct 
the  user  to  the  manual  files  only  if  further  information  is  desired.   Mini- 
mum data  includes  the  name  of  the  area  on  which  the  element  is  found  and  its 
geographical  coordinates,  the  name  of  the  owners  and  the  protection  status 
of  the  area,  the  size,  and  items  of  general  description.   This  information  can 
be  accessed  in  any  of  several  combinations,  depending  on  the  needs  of  the 
system-user. 

PILOT  INVENTORY 

This  phase  of  the  program  involves  the  actual  collection  of  data  on  the 
elements  described  in  the  classification,  and  the  entry  of  this  data  into  the 
data  management  system.   Initially  leads  are  generated  by  reviewing  earlier 
inventories,  the  general  literature,  consulting  with  experts,  and  investigating 
museum  collections.   As  these  leads  are  generated,  a  preliminary  analysis  will 
guide  the  program  staff  toward  information  gaps,  that  is,  the  types  of  elements 
for  which  we  have  little  or  no  data.   Using  this  "gap  analysis"  we  will  be 
able  to  concentrate  our  data  gathering  on  the  types  for  which  we  have  the  least 
information.   At  some  point  in  the  program,  when  existing  information  has  been 
largely  exhausted,  we  can  more  efficiently  target  our  priorities  for  conducting 
in-depth  field  surveys. 
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The  major  outcome  Qf  this  task  is  the  setting  into  motion  of  the  data- 
gathering  process.   The  information  flow  will  be  started  and  established  for 
the  continuing  operations  of  the  program. 

PROTECTION  PLANNING 

This  phase  of  the  program  involves  planning  for  the  protection  of  the 
ecological  elements  identified  during  the  inventory.   This  phase  is  done  indep- 
endently of  the  first  two  phases  of  the  program  in  that  it  can  be  completed 
during  the  early  stages  of  the  program  or  near  the  end  of  the  pilot  inventory. 
The  major  product  of  this  phase  will  be  the  survey  of  existing  and  potential 
protective  mechanisms  for  ecological  resources  and  natural  areas  in  the  state. 

PROGRAM  CONTINUATION  AND  IMPLEMENTATION 

By  the  end  of  the  contract  period,  the  state  should  have  at  its  disposal 
a  continuous  process  of  ecological  inventory,  data  management,  and  protection 
planning  for  the  preservation  of  its  natural  heritage.   At  this  point,  the 
Conservancy's  role  changes  in  scope  from  an  operational  to  an  advisory  capaqity. 
The  Conservancy  will  ensure  that  the  transition  to  state  management  will  be 
a  smooth  one,  and  that  any  further  improvements  in  methods  and  technology  will 
be  made  available  to  the  state. 

APPLICATIONS  OF  INVENTORY  DATA 

The  inventory  data  can  be  analyzed  and  applied  toward  several  uses,  de- 
pending on  the  needs  of  the  data  requestor.   For  preservation  purposes,  we  may 
wish  to  know  which  natural  elements  are  the  rarest  and  most  vulnerable  in  the 
state;  we  therefore  ask  the  system  to  tabulate  the  number  of  reported  occur- 
rences for  given  elements,  and  to  tell  us  whether  or  not  they  occur  on  pro- 
tected sites.   We  may  then  choose  the  element,  such  as  an  endangered  plant, 
with  the  fewest  or  no  reported  occurrences  on  protected  lands  as  a  prime  candi- 
date for  the  limited  funds  at  our  disposal. 

A  further  application  will  be  in  the  field  of  environmental  impact  asses- 
ment,  long  hindered  by  a  lack  of  state,  regional,  or  national  perspective.   The 
criticality  or  significance  of  any  individual  site  (or  alterations  to  the  site) 
cannot  be  judged  by  reference  to  that  site  alone.   If,  however,  comparable 
data  exists  on  many  sites,  systems,  or  features  within  the  state,  one  can  gain 
the  perspective  necessary  for  estimating  the  relative  significance  of  any  sin- 
gle site.   The  Heritage  system  will  provide  the  structure  and  methodology  for 
collecting  the  standardized  data  by  which  such  comparisons  and  evaluations  can 
be  made. 

Another  use  will  be  for  planning  purposes.  A  state  or  municipal  agency 
may  wish  to  know  which  areas  are  ecologically  significant  within  a  certain  dis- 
trict; by  use  of  overlays,  the  system  can  display  ecological  information  in 
relation  to  other  land-use  parameters  such  as  agriculture,  corridors,  and  ur- 
ban districts. 

One  important  feature  of  the  computer  system  is  its  flexibility.   We  have 
practically  no  set  analysis  patterns  but  can  rather  adjust  to  fit  the  needs 
of  the  system-user.   In  other  words,  if  a  request  is  made  by  a  valid  user  for 
data  on  a  particular  species,  we  will  be  able  to  produce  a  map  of  the  locations 
for  the  species,  and  a  print-out  with  the  general  description,  size,  and  owner- 
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ship  of  each  site  where  it  occurs,  when  the  site  was  last  surveyed,  the 
source  of  lead  for  each  occurrence,  or  any  combination  of  these.   If  infor- 
mation is  requested  on  a  county-by-county  or  grid  basis ,  the  computer  is  able 
to  sort  out  the  requested  data.   The  option  exists  within  the  system  for 
suppressing  locality  information. 

It  is  important  to  note  that,  in  the  State  Natural  Heritage  Programs, 
the  most  important  product  is  the  process  itself.   Our  goal  is  to  establish 
a  cooperative  effort  between  the  public  and  private  sectors  for  the  identifi- 
cation and  protection  of  those  areas  which  best  represent  the  state's  natural 
heritage. 

LITERATURE  CITED 

Jenkins,  R.  E.   1975.   Endangered  plant  species:  a  soluble  ecological 
problem.   TNC  News  25(4):  20-21. 


62 


I 


NATURAL  AREAS  IN  THE  APPALACHIAN  SECTION  REGISTERED  WITH 
THE  SOCIETY  OF  AMERICAN  FORESTERS 

Keith  A.  Argow^' 

The  Natural  Areas  program  of  the  Society  of  American  Foresters  includes 
the  continental  United  States,  Hawaii,  and  Alaska.   The  program  is  adminis- 
tered by  geographic  sections  recognized  within  the  SAF.   My  comments  today 
are  directed  towards  the  Appalachian  Section,  which  in  our  context  includes 
Virginia  and  North  and  South  Carolina.   Since  this  is  a  conference  on  endan- 
gered plants  throughout  the  Southeastern  U.S.,  it  should  be  noted  that  simi- 
lar SAF  programs  are  operative  in  the  Tennessee-Kentucky  section,  the  Florida 
section,  the  Georgia-Alabama  section,  and  the  Gulf  States  section. 

In  addition  it  should  be  noted  that  the  SAF  Natural  Areas  system  is 
founded  upon  forest  types,  as  might  be  expected  with  a  professional  forestry 
society.   The  program  is  based  upon  the  publication  Forest  Types  of  North 
America  published  in  1954  by  the  SAF.   This  descriptive  guide  is  in  the  proc- 
ess of  revision  now;  however,  we  anticipate  few  major  changes  in  type  classi- 
fications.  Although  established  to  protect  forest  types,  SAF  Natural  Areas 
also  protect  the  flora  and  fauna  inherent  in  their  ecosystems. 

The  forests  of  Virginia  and  North  and  South  Carolina  are  diverse.   They 
range  from  the  spruce-fir  caps  of  the  Smokies  to  the  sand  live  oak-cabbage 
palmetto  forests  of  the  South  Carolina  coastal  plains.   Three  physiographical 
zones  are  recognized:   Appalachian  Mountains,  Piedmont,  and  Coastal  Plains. 
Within  these  three  States  at  least  55  separate  forest  types  occur.   This  num- 
ber may  be  higher  due  to  the  possibility  that  some  southern  forest  types  not 
included  in  the  tally  do  extend  into  the  coastal  plain  and  some  central  forest 
types  extend  east  into  Virginia  and  North  Carolina.   The  SAF  has  registered  a 
total  of  47  natural  areas  in  the  section  encompassing  some  42  forest  types. 
A  list  of  forest  cover  types  occurring  in  SAF  Natural  Areas  in  the  Appalachian 
Section  is  appended  to  this  paper. 

Although  at  first  glance  our  system  would  appear  to  be  quite  complete, 
13  forest  types  are  not  represented  at  all.   Noteworthy  among  the  omissions 
are  sugar  maple,  eastern  red  cedar,  yellow-poplar  (pure),  longleaf  pine, 
Virginia  pine,  and  pondcypress. 

Nineteen  forest  types  are  represented  only  once.   Among  this  group  are 
black  cherry,  red  spruce  (pure),  scarlet  oak,  black  locust,  white  oak, 
northern  red  oak,  shortleaf  pine-oak,  and  water  tupelo. 


—  The  author  is  Associate  Professor  of  Forestry  at  Virginia  Polytechnic 
Institute  and  State  University  and  is  chairman  of  the  Natural  Areas  Committee 
for  the  Appalachian  Section  of  the  Society  of  American  Foresters. 
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The  Purpose  of  Natural  Areas 

The  SAF  Natural  Areas  system  has  been  established  primarily  for  research 
purposes.   They  are  "control  areas,"  tracts  of  land  where  nature  is  allowed 
to  take  its  own  course.   They  provide  useful  silvicultural  and  other  informa- 
tion about  what  happens  in  southeastern  forest  types  when  they  are  unmanaged. 
By  comparing  data,  we  can  gage  the  influence  and  results  of  forestry  manage- 
ment practices  relative  to  natural  ecosystems. 

The  goal  of  the  Appalachian  Section  Natural  Areas  committee  is  to  re- 
serve two  representations  of  each  type  occurring  in  the  section.   Some 
species  which  have  a  wide  range  and  exhibit  regional  and  site  variations 
will  require  multiple  representations  within  the  system  to  be  adequately 
represented  (i.e.,  loblolly  pine). 

History  of  SAF  Appalachian  Natural  Areas 

The  first  tract  of  land  in  the  Appalachian  Section  to  be  set  aside  for 
a  natural  area  was  Black  Mountain,  North  Carolina.   A  part  of  the  Pisgah 
National  Forest,  this  1,400 -acre  natural  area  on  the  east  slope  of  Mount 
Mitchell  was  established  by  the  U.S.  Forest  Service  in  1933.   Ramsey's  Draft 
and  Little  Laurel  Run--both  on  the  George  Washington  National  Forest  in 
Virginia--followed  in  1935  and  1937,  respectively. 

When  the  committee  on  natural  areas  was  organized  by  the  president  of 
the  SAF  in  1947,  the  first  mechanisms  were  established  for  SAF  registration 
of  natural  areas.   By  1949  the  three  foregoing  U.S.  Forest  Service  Natural 
Areas,  plus  two  more  areas  established  by  the  U.S.  Fish  and  Wildlife  Service, 
became  a  nucleus  of  the  SAF  Natural  Areas  within  the  Appalachian  Section. 


In  the  National  committee's  first  report,  Chairman  John  F.  Shanklin 
noted  that  the  program  had  been  initiated  upon  the  recognition  by  the  SAF 
Division  of  Silviculture  that  practicing  foresters  needed  a  "more  compre- 
hensive knowledge  of  natural  developments  within  virgin  forest  associations." 
Shanklin  also  noted  that  the  action  establishing  the  Committee  on  Natural 
Areas  came  "very  late  in  our  Nation's  forest  development  history"  and  effec- 
tive action  was  long  overdue. 

It  became  apparent  to  the  new  committee  that  the  southern  region  of  the 
United  States  was  in  most  need  of  attention.   To  this  end  a  grant  was  secured 
from  Resources  for  the  Future,  Inc.,  to  conduct  a  survey  for  potential  natural 
areas.   F.  H.  Eyre  was  appointed  project  leader  and  conducted  an  extensive 
field  reconnaisance.   In  1960  the  "Survey  of  Proposed  Natural  Forest  Areas 
in  the  Southeast"  was  published  by  the  SAF. 

Inventory  and  Ownership 

Aside  from  the  Eyre  report,  the  SAF  has  not  conducted  extensive  inven- 
tories of  natural  ecosystems  per  se.   These  projects,  which  can  be  quite 
extensive  and  expensive,  are  left  to  State  agencies,  universities,  and 
national  organizations  such  as  the  natural  heritage  inventory  program  con- 
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ducted  by  the  Nature  Conservancy.   The  intent  of  the  SAF  Natural  Area  pro- 
gram is  to  give  recognition  through  registration  of  significant  natural 
tracts. 

The  Society  of  American  Foresters  does  not  seek  ownership  of  the  areas 
it  registers.   In  fact,  the  SAF  Natural  Area  program  is  entirely  a  voluntary 
registration  which  can  be  canceled  by  either  party  rather  readily.   More 
permanent  protection  is  encouraged  through  formal  action  by  private  land- 
owners in  designating  public  lands  as  research  natural  areas,  botanical 
areas,  etc.   If  public  ownership  or  some  other  form  of  protection  of  a  nat- 
ural area  is  desirable,  then  the  assistance  of  a  public  agency  or  the  Nature 
Conservancy  is  sought.   A  particular  advantage  in  utilizing  the  Nature  Con- 
servancy is  that  it  maximizes  the  tax  benefits  to  the  private  landowner  while 
at  the  same  time  preserving  the  area  on  the  best  terms  available. 

Administration  of  SAF  Natural  Areas 

Basic  responsibility  for  administering  a  natural  area  lies  with  the 
landowner.   Most  public  agencies  have  ample  regulations  to  accomplish  this. 
Some  conflicts  do  arise  however  in  the  area  of  public  use,  principally  rec- 
reation.  For  this  reason  it  is  recommended  that  SAF  Natural  Areas  not  be 
designated  on  recreation  use  maps.   If  they  are,  a  paragraph  describing  their 
purpose  and  the  potential  damage  due  to  overuse  is  encouraged  on  the  backside 
of  the  map. 

Natural  areas  are  not  extensively  signed.   There  is  a  small  SAF  boundary 
marker  intended  for  use  only  on  the  main  access  routes.   Boundary  painting 
may  be  appropriate  in  areas  where  adjacent  lands  are  under  extensive  manage- 
ment.  Moreover,  little  publicity  is  recommended  for  these  areas. 

A  current  listing  of  natural  are^s  including  maps  and  information  rel- 
ative to  ongoing  research,  etc.,  is  maintained  by  the  national  office  of  the 
Society  of  American  Foresters  in  Bethesda,  Maryland.   Many  chapters  also 
maintain  current  lists.   Here  in  the  Appalachian  Section,  we  publish  the 
Appalachian  Natural  Areas  Directory.   This  publication  carries  maps,  descrip- 
tions, and  pertinent  information  for  each  natural  area  registered  within  the 
three  States.   It  is  intended  as  a  method  of  communicating  this  information 
to  forest  researchers  and  others  who  have  reason  to  be  interested  in  the 
natural  area  system. 

The  Natural  Areas  Committee  of  the  Appalachian  Section  is  hopeful  that 
at  least  some  endangered  plants  are  already  represented  in  our  growing  nat- 
ural areas  system.   We  welcome  your  suggestions  on  expansion  and  look  forward 
to  working  with  you. 

Attachment: 

1.  Appalachian  Natural  Areas  Bibliography. 

2.  Summary  of  Forest  Types  Represented  in  Appalachian  Section  Natural 
Areas.   1976. 
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APPALACHIAN  SECTION  NATURAL  AREAS  -  1976 
Sunnnary  of  Forest  Types  Represented 


Charles  £.  Steirly 
Chestnut  Ridge 

Chincoteague 

Clinch  Mountain 
Holiday  Creek 

Lick  Creek 


Little  Laurel  Run 


8.   Mount  Rogers 


Mountain  Lake 


10, 


Ramsey ' s  Draft 


VIRGINIA 

SAF  102  Baldcypress  -  water  tupelo,  19  ac. 

SAF  41  Scarlet  oak,  18  ac. 

SAF  87  Sweetgum  -  yellow-poplar,  6  ac. 

SAF  87  Loblolly  pine  -  hardwood,  135  ac. 
Swamp  and  marshy  area,  15  ac. 

SAF  29  Black  cherry,  23  ac. 

SAF  75  Shortleaf  pine,  2  ac. 

SAF  77  Shortleaf  -  Virginia  pine,  17.5  ac. 

SAF  87  Sweetgum  -  yellow-poplar,  10.5  ac. 

SAF  23  Hemlock,  30  ac. 

SAF  58  Yellow-poplar  -  hemlock,  30  ac. 

SAF  59  Yellow-poplar  -  white  oak  -  no. 

red  oak,  430  ac. 
SAF  78  Virginia  pine  -  southern  red  oak, 

180  ac. 

SAF  21  White  pine,  45  ac. 

SAF  23  Hemlock,  127  ac. 

SAF  44  Chestnut  oak,  445  ac. 

SAF  45  Pitch  pine,  89  ac. 

SAF  59  Yellow-poplar  -  white  oak  -  no. 

red  oak,  62  ac. 

Barren  and  brush,   1,324  ac. 

SAF  25  Sugar  maple  -  beech  -  yellow  birch, 

820  ac. 
SAF  34  Red  spruce  -  Fraser  fir,  332  ac. 

Meadow  grass  and  fern,  148  ac. 

SAF  23  Hemlock,  75  ac. 
SAF  24  Hemlock  -  yellow  birch,  100  ac. 
SAF  30  Red  spruce  -  yellow  birch,  60  ac. 
SAF  43  Bear  oak,  935  ac. 

SAF  54  No.  red  oak  -  basswood  -  white  ash, 
433  ac. 

SAF  23  Hemlock,  177  ac. 

SAF  25  Sugar  maple  -  beech  -  yellow  birch, 

89  ac. 
SAF  44  Chestnut  oak,  442  ac. 
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10.      Ramsey ' s   Draft   (continued) 


11.      Rock  Quarry 


12.   Roland- Bull  Run  Mountain 


13.   Swift  Creek 


14.  Turkey  Ridge 

15.  Willis  River 


16.   (1)  Black  Mountain 


17.  (2)  Chowan  River 

18.  (3)  Duke  Forest 

19.  (4)  Great  Lake 

20.  (5)  Hemlock  Bluffs 

21.  (6)  Hill  Forest 


SAF  45  Pitch  pine,  26  ac. 

SAF  52  White  oak  -  red  oak  -  hickory, 

991  ac. 
SAF  55  Northern  red  oak,  169  ac. 
SAF  59  Yellow-poplar  -  white  oak  -  no. 

red  oak,  67  ac. 

SAF  52  White  oak  -  red  oak  -  hickory,  27  ac. 
SAF  87  Sweetgum  -  yellow-poplar,  13  ac. 

SAF  59  Yellow-poplar  -  white  oak  -  no.  red 
oak,  20  ac. 
Brush,  2  ac. 

SAF  52  White  oak,  17  ac. 

SAF  61  River  birch  -  sycamore,  5  ac. 

SAF  81  Loblolly  pine,  26  ac. 

SAF  82  Loblolly  pine  -  hardwood,  10  ac. 

SAF  40  Post  oak  -  black  oak,  16  ac. 

SAF  93  Hackberry  -  American  elm  -  green  ash, 
38  ac. 
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NORTH  CAROLINA 


SAF  17  Pine  cherry,  13  ac. 

SAF  25  Sugar  maple  -  beech  -  yellow  birch, 

126  ac. 
SAF  34  Red  spruce  -  Fraser  fir,  542  ac. 
SAF  44  Chestnut  oak,  229  ac. 
SAF  52  White  oak  -  red  oak  -  hickory,  419  ac. 

SAF  101  Baldcypress,  10  ac. 

SAF  102  Baldcypress  -  water  tupelo,  49  ac . 

SAF  103  Water  tupelo,  15  ac. 

SAF  52  White  oak  -  red  oak  -  hickory,  27  ac. 
SAF  81  Loblolly  pine,  59  ac. 
SAF  82  Loblolly  pine  -  hardwood,  57  ac. 
SAF  87  Sweetgum  -  yellow-poplar,  8  ac. 

SAF  98  Pond  pine,  60  ac. 

SAF  23  Hemlock,  1  ac. 

SAF  44  Chestnut  oak,  5  ac. 

SAF  82  Loblolly  pine  -  hardwood,  14  ac. 

SAF  75  Shortleaf  pine,  9  ac. 
Buffer  zone,  1  ac. 
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22.  (7)  Hofmann  Forest  Cypress 

23.  (8)  Kelsey 

24.  (9)  Little  Santeelah 

25.  (10)  Milltail  Creek 

26.  (11)  Nere  Elexus  Day  Pond  Pine 

27.  (12)  North  Fork 

28.  (13)  Piedmont  Beech 

29.  (14)  Piney  Knob  Fork 

30.  (15)  Rocky  River  White  Pine 

31.  (16)  Rough  Creek 

32.  (17)  Salyer's  Ridge 

33.  (18)  Schenck 

34.  (19)  Three  Forks 


35.  (20)  Turkey  Oak 


36.  (21)  Upper  Piedmont 

Research  Station 

37.  (22)  Walker  Cove 


38.  (23)  Windy  Falls 


SAF  101  Baldcypress,  20  ac. 

SAF  104  Sweetbay  -  swamp  tupelo  -  red  maple. 
8  ac. 

SAF  22  White  pine  -  hemlock,  72  ac. 
SAF  59  Yellow-poplar  -  white  oak  -  no. 
red  oak,  90  ac. 

SAF  23  Hemlock,  500  ac. 

SAF  59  Yellow-poplar  -  white  -  no.  red  oak, 
3,000  ac. 

SAF  97  Atlantic  white-cedar,  36  ac. 

SAF  98  Pond  pine,  25  ac. 

SAF  34  Red  spruce  -  Fraser  fir,  200  ac. 

SAF  52  White  oak  -  red  oak  -  hickory,  21  ac. 
SAF  81  Loblolly  pine,  25  ac. 

SAF  22  White  pine  -  hemlock,  60  ac. 

SAF  21  White  pine,  10  ac. 

SAF  50  Black  locust,  18  ac. 

SAF  52  White  oak  -  red  oak  -  hickory,  5  ac. 

SAF  81  Loblolly  pine,  75  ac. 

SAF  82  Loblolly  pine  -  hardwood,  25  ac. 

SAF  24  Hemlock  -  yellow  birch,  2,203  ac. 

SAF  30  Red  spruce  yellow  birch,  2,030  ac. 

SAF  32  Red  spruce,   2,632  ac. 

SAF  34  Red  spruce  -  Fraser  fir,  4,372  ac. 

SAF  44  Chestnut  oak,  826  ac. 

SAF  58  Yellow-poplar  -  hemlock,  1,377  ac. 

SAF  72  Southern  scrub  oak,  90  ac. 
pocosin,  43  ac. 

SAF  44  Chestnut  oak,  4  ac. 

SAF  25  Sugar  maple  -  beech  -  yellow-poplar, 
55  ac. 

SAF  51  White  pine  -  chestnut  oak,  103  ac. 
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SOUTH  CAROLINA 


39.  (1)  Boiling  Spring 

40.  (2)  Bulls  Island 

41.  (3)  Coon  Branch 

42.  (4)    De   La  Howe   Shortleaf 

Pine 

43.  (5)  Gulliard  Lake 

44.  (6)  Juniper  Bay 

45.  (7)  Little  Wambaw  Swamp 

46.  (8)  Scrub  Oak 


47.   (9)  Wassamassaw 


SAF  82  Loblolly  pine  -  hardwood,  9  ac. 

SAF  74  Sand  live  oak  -  cabbage  palmetto, 

500  ac. 

SAF  82  Loblolly  pine  -  hardwood,  500  ac. 

SAF  58  Yellow-poplar  -  hemlock,  15  ac. 


SAF  76  Shortleaf  pine  -  oak,  120  ac. 

SAF  92  Sweetgum  -  Nut tall  oak  -  willow  oak, 

4  ac. 
SAF  102  Baldcypress  -  water  tupelo,  14  ac. 

SAF  97  Atlantic  white-cedar,  10  ac. 

SAF  102  Baldcypress  -  water  tupelo,  60  ac. 

SAF  71  Longleaf  pine  -  scrub  oak,  39  ac. 

SAF  72  Southern  scrub  oak,  8  ac. 

SAF  92  Sweetgum  -  Nuttall  oak  -  willow  oak, 

2  ac. 

Marshland,  3  ac. 

SAF  102  Baldcypress  -  water  tupelo,  7  ac. 
Water,  3  ac. 
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DETERMINING  DISTRIBUTION 

Roy  B.    Clarkson-'- 

Abstract.  --  A  knowledge  of  distribution  and  abundance  is  essential 
to  decisions  concerning  the  rarity  of  a  taxon.   Useful  aids  in  de- 
termining distribution  are  regional  manuals,  monographs,  books, 
scientific  papers,  regional  herbaria,  local  floras,  and  local  her- 
baria.  The  final  determination  of  distribution  and  abundance  de- 
pends on  continuing  field  work  to  determine  population  dynamics. 

Additional  Keywords:   Regional  manuals,  monographs,  regional  herbar- 
ia, local  floras,  local  herbaria,  field  work. 

It  is  obvious  that  a  knowledge  of  the  distribution  of  a  taxon  lies  at  the 
center  of  an  understanding  concerning  its  rarity.   The  expression  "rare  & 
endangered"  is  explicit  in  its  implications  concerning  distribution  and  abun- 
dance.  The  term  distribution  implies  not  only  the  broad  range  of  the  taxon  but 
also  its  occurrence  with  these  limits. 

DETERMINING  RANGE         '   '     ;' 

Determining  the  known  geographic  range  is  an  important  step  in  achieving 
an  understanding  of  distribution.   Several  important  aids  are  available  for 
this  task. 

Regional  Manuals.  --  Many  individuals  have  a  tendency  to  turn  to  regional 
manuals  such  as  Gray's  Manual  of  Botany,  8th  Ed.  (Fernald,  1950),  New  Britton 
and  Brown  Illustrated  Flora  (Gleason,  1952),  or  Manual  of  the  Southeastern 
Flora  (Small,  1933)  and  accept  the  distributions  given  as  describing  the  range 
of  a  taxon.   Such  manuals  are  very  helpful,  however,  the  weakness  noted  below 
should  be  kept  in  mind. 

The  most  important  consideration  in  interpreting  distributions  given  in 
regional  manuals  is  the  date  of  publication.  A  manual  may  become  outdated 
very  quickly,  especially  in  areas  receiving  intensive  field  work.  A  second 
inherent  weakness  in  manuals  covering  a  large  geographic  area  is  the  lack  of 
detail  given  in  the  distributions.   For  example,  the  range  of  a  naturalized 
shrub,  Scotch  Heather,  (Calluna  vulgaris  (L.)  Hull)  is  given  by  Fernald  (1950) 
in  Gray's  Manual,  8th  Ed.  as  "Peaty  or  damp  sandy  spots,  always  of  small  ex- 
tent, very  locally  from  Nfld.,  to  Mich.,  S.  to  N.S.,  N.E.,  N.J.  and  mts.  of 
W.Va.".  At  first  reading  this  would  appear  to  be  a  rather  widespread  plant, 
however,  when  detailed  studies  of  actual  populations  are  made  this  plants  shows 
a  remarkably  disjunct  distribution  and  is  seen  to  be  rare  in  every  part  of  its 
range . 

Despite  these  weaknesses,  regional  manuals,  even  old  ones,  are  valuable 
tools  for  they  call  attention  to  taxa  needing  additional  study  and  provide  a 
starting  place  for  such  study. 


—  Professor  of  Biology  and  Curator  of  the  Herbarium,  Biology  Department, 
West  Virginia  University,  Morgantown,  WV  26506. 
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Monographs,  Books ,  Papers :  Valuable  supplements  to  distribution  informa- 
tion found  in  regional  manuals  are  found  in  monographs,  other  books,  and  re- 
search papers.  Monographs  concerned  with  plant  systematics  and/or  plant  geo- 
graphy usually  contain  detailed  distribution  data.   These  data  are  often  suirnia- 
rized  in  distribution  maps.   Such  data  are  invaluable  in  updating  known  distri- 
butions. Access  to  many  monographs  prepared  in  the  United  States  as  doctoral 
dissertations  may  be  had  through  University  Microfilms,  Inc.,  Ann  Arbor, 
Michigan.   Pertinent  material  from  many  monographs  are  published  in  such  jour- 
nals as  Taxon,  Brittonia,  American  Midland  Naturalists ,  and  Castanea  or  in  book 
form. 

Several  excellent  books  contain  distribution  information  and/or  maps.   These 
are  usually  restricted  to  plants  with  a  limited  distribution  or  to  particular 
plant  types.   Examples  of  these  are:  Harlow  &  Harper,  1968;  Polunin,  1959; 
Good,  1964;  Meusel,  et  al,  1965;  Hulten,  1958,  1968;  Little,  1971;  Brown  &  Brown, 
1972;  and  Critchfield  &  Little,  1966.   The  date  of  publication  of  such  books  is 
again  an  important  consideration  in  interpreting  the  distribution  data.   "Index 
Holmensis"  (Tralau,  H.,  1969,  1972),  an  index  to  distribution  maps  with  world- 
wide and  bibliographic  references  is  an  especially  valuable  source  of  information. 

Regional  Herbaria :   Large  regional  herbaria  have  facilities  for  study  and 
may  lend  specimens.   These  provide  a  basis  for  updating  range  information  for 
specimens  representing  important  range  extensions  are  often  sent  by  the  collec- 
tois  to  these  centers.   Names  and  addresses  of  herbaria  are  found  in  Index 
Herbariorum  (Lanjouw  &  Stafleu,  1965). 

LOCAL  DISTRIBUTION 

It  is  on  the  local  level  that  the  rarity  of  a  taxon  is  determined.   The 
number  of  known  populations,  and  the  location,  size  and  dynamics  of  the  popu- 
lation can  only  be  determined  locally. 

Local  Floras :   Recent  local  floras  such  as  Flora  of  West  Virginia 
(Strausbaugh  &.   Core,  1970),  Manual  of  the  Vascular  Flora  of  the  Carolinas 
(Radford,  Ahles,  Bell,  1968)  and  Flora  of  Missouri  (Steyermark,  1963)  are 
excellent  sources  of  distribution  data. 

It  is  difficult  to  remain  current  in  assessements  of  plant  distribution, 
even  at  the  local  level.   For  example,  since  the  revision  of  Strausbaugh  & 
Core's  Flora  of  West  Virginia  (Vol.  1-4,  1970-1974;  Vol.  4  in  press)  over  20 
taxa  new  to  the  State  have  been  discovered.  Several  of  these  new  records  ex- 
tend the  known  ranges.  West  Virginia  is  a  relatively  small,  well  botanized 
area.   Larger,  less  botanized  areas  may  expect  a  greater  number  of  additions 
to  there  flora  in  a  relatively  short  period  of  time. 

Local  Herbaria :   Local  herbaria  are  indispensable  in  distribution  studies. 
Many  herbaria  have  distribution  maps  for  taxa  collected  in  the  region.   These 
are  useful  for  quickly  checking  the  overall  distribution.  Many  considerations 
are  necessary  in  the  interpretation  of  such  maps,  such  as:  How  well  has  the 
area  been  botanized?  Are  collections  recently  made  or  are  the  herbarium 
collections  outdated?  How  widespread  are  the  populations  sampled?  If  collec- 
tions are  sufficient  the  distribution  of  the  plant  may  be  considered  well  known, 
particularly  if  the  taxon  is  easily  seen  in  the  field  and  identified  or  if  its 
habitat  is  restricted  to  well  defined  limits. 

However,  if  the  taxon  is  difficult  to  see  in  the  field,  hard  to  identify 
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and/or  grows  in  a  variety  of  habitats  the  distribution  may  be  much  more  extensive 
than  herbarium  vouchers  indicate.   The  distribution  of  such  plants  may  be  con- 
sidered as  undetermined  until  further  field  work  elucidates  the  distribution 
and  abundance.  Many  grasses  and  sedges  are  in  this  category. 

The  local  herbarium  is  also  useful  in  establishing  relevant  facts  concern- 
ing habitat,  size  of  populations,  date  of  collection,  and  abundance.   These 
facts  are  necessary  to  decisions  concerning  the  rarity  of  the  taxon. 

UPDATING  INFORMATION 

Field  Work:  Manuals,  monographs  and  herbaria  all  have  a  tendency  to  be- 
come static,  unless  continued  efforts  are  made  to'  update  and  revise  records. 
All  too  often  field  work  is  de-emphasized  in  an  institution  after  many  years 
of  activity.   This  allows  the  collections  to  become  outdated  and  of  limited 
value  as  time  progresses.   Only  through  vigorous  and  continuous  field  work  can 
an  up-to-date  knowledge  of  the  status  of  populations  be  determined.  A  forest 
fire,  an  access  road  or  any  of  dozens  of  other  things  can  obliterate  or  great- 
ly restrict  a  population.   Only  through  careful  assessment  of  the  population 
dynamics  of  a  taxon  can  its  survival  probability  be  determined. 

PROBLEMS 

One  of  the  greatest  problems  in  determining  distribution  involves  nomencla- 
ture,  Synonomy  at  the  generic,  specific  and  sub-specific  levels  makes  compari- 
sons of  lists  of  endangered  and  threatened  species  very  difficult.   For  example 
a  genus  is  listed  as  Aureolaria  in  six  state  lists,  Gerardia  in  six  other  lists 
and  Agalinis  in  five  additional  lists.  0ohn  Kartez,  personal  interview).  At 
the  lower  taxonomic  levels  the  problem  is  even  greater.  A  need  for  standardi- 
zation of  nomenclature  is  very  pressing. 
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STUDIES  ON  THREATENED  AND  ENDANGERED  FOREST  RELATED 
SPECIES  OF  THE  SOUTHEASTERN  AREA— A  PROGRESS  REPORT 

Robert  Krai  1^ 

Abstract .--The  principal  investigator  in  a  cooperative  agree- 
ment between  the  Forest  Service  and  Vanderbilt  University  has 
initiated  a  study  of  threatened  and  endangered  vascular  plant 
species  within  the  13-state  Southeastern  Area,  their  habitat 
requirements  and  the  effects  of  forest  management  practices  on 
their  survival  and  recovery.  Mr.  Nathan  A.  Byrd,  Multiple  Use 
Specialist  for  the  Service  and  co-investigator,  has  coordinated 
the  project  which  was  initiated  In  June  of  1975  and  which  continues 
in  force  through  December  1976.  Current  data  on  threatened  and 
endangered  U.  S.  species  are  consulted  from  which  are  extracted 
only  those  with  forest  affinities  and  endemic  to  the  southeastern 
U.  S.  A.   Each  species  of  these  last  is  being  checked  as  to  its 
geographic  range,  Its  habitat,  and  its  distinguishing  characteris- 
tics. A  list  of  pertinent  literature  Is  in  preparation. 
Descriptions  of  the  species  are  being  done,  these  accompanied  by 
how  current  management  practice  might  influence,  adversely  or 
positively,  each  species. 

The  basis  for  a  list  of  forest  related  species  has  been  the  "Report  on 
Endangered  and  Threatened  Plant  Species  of  the  United  States,"  (15  December 
196^)  which  was  presented  to  the  Congress  by  the  Smithsonian  Institution. 
Supplements  to  this  list,  those  containing  additions  and  deletions,  are  also 
consulted.   From  this  list  only  forest  related  southeastern  species  have 
been  selected,  but  the  extracted  list  still  Involves  over  200  species  in 
that  most  of  the  southeast  Is  or  was  forested.   Inclusion  on  the  project 
list  of  some  species  of  open  areas  (I.e.,  cedar  glades,  granite  outcrops, 
shale  barrens,  heavy  earth  formations  such  as  the  Black  Belt)  may  be  open 
to  question;  however,  in  such  areas  many  of  the  species  are  serai  to  forest 
and  In  that  sense  are  forest  related.   An  attempt  Is  being  made  to  visit 
localities  for  as  many  of  the  species  as  possible  within  the  limitations  of 
project  time.   This,  where  possible,  allows  for  the  collection  of  voucher 
specimens  of  the  species  concerned  and  for  the  getting  up  of  field  notes  on 
habitats  and  associated  species.   Where  such  Is  not  possible,  a  consultation 
of  specimens  already  collected  together  with  an  appraisal  of  available  pub- 
lished Information  becomes  necessary.   During  1975  and  early  1976  the  bulk 
of  field  work  has  been  In  the  States  of  Alabama,  Florida,  Georgia,  and 
Tennessee.   During  the  summer  and  fall  of  1976  some  field  work  In  other 
parts  of  the  southeastern  forest  area  will  be  done.   Visits  to  larger 
herbaria  for  locality  Information  have  been  made  or  are   planned.   The 
Smithsonian  collections  have  already  been  consulted;  the  very  large  collec- 
tions of  southeastern  plants  at  the  Herbarium,  University  of  North  Carolina 
at  Chapel  Hill,  are  also  to  be  studied.   A  list  of  pertinent  literature  for 
each  species  is  being  gotten  up  largely  by  Mr.  Ronald  L.  Jones,  Assistant  on 
the  project  and  graduate  student  in  Botany  at  Vanderbilt  University. 


1/  Professor  of  Botany,  Vanderbilt  University,  Nashville,  Tennessee, 
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Results  and  Observations 

Circa  100  species  are  now  written  up  in  rough  form.  Most  of  the 
remaining  should  be  both  visited  in  the  field  and/or  written  up  by  the 
fall  of  1976.   It  Is  becoming  Increasingly  evident  that  a  listing  of 
occurrence  of  many  of  the  species  Is  largely  of  historical  value  only. 
In  the  past  decade  increasingly  large  amounts  of  the  habitat  formerly 
occupied  by  endangered  species  have  been  badly  bitten  Into  by  land 
developers,  dam  builders,  pine  monocul tur ists ,  row  crop  or  stock  farmers, 
etc.   Thus,  for  example,  many  of  the  localities  I  personally  have  known 
and  many  gotten  from  older  collections  or  collectors  are  no  more. 

A  study  of  the  species  on  my  list  shows  most  to  belong  to  one  or 
another  of  the  following  broad  categories: 

1.  Plants  of  high  hydroperiod  soils,  primarily  in  the  bogs,  swamps, 
flatwoods,  and  low  savanna  of  the  Atlantic  and  Gulf  Coastal  Plains.   Many 
of  the  Orchldaceae,  all  the  Sarraceniaceae,  Droseraceae,  many  Cyperaceae, 
Juncaceae,  Xyridaceae  on  my  list  belong  here.  Whether  these  are  drained 
for  agriculture  or  for  pine  plantations  the  result  Is  the  same,  the  plants 
are  destroyed.  A  great  many  are  also  hellophytic  and,  therefore,  even  If 
the  land  Is  not  drained,  but  planted  or  seeded  to  pine,  the  crown  closure 
so  desirable  from  the  standpoint  of  pine  production  shades  such  plants  out. 
The  greatest  number  of  endangered  southeastern  plant  species  probably  fits 

In  this  category.   Unfortunately,  the  same  region  is  also  one  of  the  greatest 
potential  for  fast  production  of  volumes  of  pine.   I  have  no  doubt  that  the 
greatest  challenge  to  finding  a  compromise  between  good  forest  management  and 
threatened  species  maintenance  lies  here. 

2.  Plants  of  outcrop  areas.  Most  of  the  endemic  succulents.  Saxifrages, 
many  composites  belong  here.   Several  are  seasonal  on  or  in  the  temporary 
pools  or  shallow  soil  pockets  that  form  on  or  near  the  outcrops  (Amphianthus , 
I soetes ,  etc.).   A  few  (i.e.,  Sedum  nevi I ,  Nevlusia  alabamensis)  may  occur  on 
outcrops  in  shade,  but  most  are  again  heliophytes,  forest  related  only  in  a 
successional  sense.   Most  are   highly  substrate  specific,  appearing  on  only 
certain  chalks,  limestones,  shales,  granitic  rocks,  etc.,  or  on  the  thin  soils 
overlying  or  adjacent  to  such.   The  greatest  threat  to  many  of  these  Is  through 
rock  quarrying,  through  land  development  for  human  habitation  or  recreational 
use  (witness  the  destruction  of  large  parts  of  Stone  Mountalnll)  or  through 
their  development  for  low  grade  pasture  (a  major  hazard). 

3.  Plants  of  high  Appalachian  forest  and  balds.   Many  of  the  most 
aesthetically  pleasing  species  are  here,  In  what  might  constitute  the  most 
ecologically  sensitive  situations  of  all.   Several  carices,  Li  1 i  um  gray  I  I  , 
Liatr is  hel ler I ,  SolJdago  spithamea,  Prenanthes  roanensis,  etc.,  belong  here, 
some  confined  to  but  a  few  summits  in  the  mountains.   Fortunately,  many  are 
on  government  land,  either  part  of  National  Forest  or  in  National  or  State 
Parks.   Impact  Is  greatest  through  exploitations  for  recreational  use  or 
through  agriculture  in  the  uplands,  primarily  grazing.   Pressure  is  Increasing 
from  campers,  backpackers,  and  vacationers. 
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k.      Plants  of  sandhills  formations  or  droughty  sandy  lands. 
Among  such  would  be  those  species  confined  to  the  deep  sands  of  the  longleaf 
pine-turkey  oak  type,  the  sand  pine-evergreen  scrub  type  (as  was  once  so  well 
displayed  in  the  Central  Highlands  province  of  Florida).   The  former  is  wide- 
spread through  much  of  the  Atlantic  and  Gulf  Coastal  Plain,  the  latter  more 
local  in  the  Coastal  Plain,  principally  in  Florida,  but  with  extensions  (and 
slight  facies  shifts)  northward  into  Georgia  and  westward  into  Alabama. 
Largely  poor  agriculturally  save  for  local  conversion  to  fruit  production 
(large  scale  in  Floridal!)  these  have  been  a  si  1 vicul tural  challenge  to  the 
foresters  and  have  been  targets  for  an  increased  production  of  pine,  this 
usually  involving  removal  of  competitive  scrub  species,  particularly  oak, 
and  thus  impacting  endangered  species.   In  that  the  pines  are  usually  row 
planted,  habitat  alteration  in  site  preparat ion" or  later  when  pine  crowns 
close  is  such  as  to  eliminate  many  of  the  herbs  and  shrubs.   Fire,  used  as  a 
management  tool  in  maintenance  of  longleaf  pine  reproduction,  and  always  a 
natural  factor  in  the  longleaf  pine  formations  is  a  considerable  factor  here. 
Protection  from  fire  permits  further  conversion  of  habitat  away  from  suitable 
situations  for  many  of  these  endangered  species  which  are   part  of  disci imax. 

5.  Plants  of  special  soils  related  to  a  particular  rock  substrate. 

The  Black  Belt,  for  example,  occupies  parts  of  a  large  number  of  counties  in 
Alabama  and  Mississippi.   Much  of  this  was  prairie  or  savanna  at  the  time  of 
white  settlement,  but  their  heavy  earths  have  been  so  converted  to  pasture 
and  to  row  crop  agriculture  that  we  have  little  real  information  today  as  to 
what  species  they  contained  originally.   Succession  to  forest  appears  similar 
to  that  occurring  on  the  different  calcareous  rocks  of  middle  Tennessee  and 
northern  Alabama,  but  forest  use  does  not  constitute  the  real  threat  to  what 
original  country  remains. 

6.  Plants  of  the  rich,  mixed  mesophytic  formations,  these  best  displayed 
in  the  Appalachian  provinces  and  interior  provinces  westward.  Many  of  these 
appear  to  occupy  very  narrow  niches,  are   plants  of  climax  forest  soils,  and 
are   often  among  the  first  to  fall  victim  to  poor  logging  practice,  either 
through  resultant  insolation,  serious  soil  disturbance  involving  erosion,  or 
through  conversion  of  the  forest  either  to  croplands  or  pasture.   Within  the 
past  decade,  particularly  strip  mining  has  become  a  major  problem.   Ironically, 
the  sort  of  forest  practice  recommended  by  the  professional  forester  for  most 
hardwoods  (namely  careful  selection  or  group  selection)  would  impact  these 
species  least;  however,  any  plantwise  traveler  through  this  beleaguered  part 

of  the  forest  needs  no  detailed  ecological  study  to  conclude  that,  on  much 
private  and  state  land,  such  recommendations  are  seldom  applied. 

The  abovementioned  six  cateogries  represent  the  habitats  occupied  by  most 
of  the  species  on  my  list.   The  greatest  impact,  in  the  case  of  most,  is 
through  any  approach  toward  monoculture,  particularly  of  southern  yellow  pine. 
If  the  heavy  equipment  employed  in  site  preparation  does  not  destroy  the  plants 
outright,  the  successful  establishment  of  a  canopy  of  pines  provides  the 
finishing  touch.   If  site  preparation  also  involves  drainage,  it  takes  no  great 
power  of  observation  to  conclude  that  a  plant  of  high  hydroperiod  soil  will  die 
out.   It  Is  also  obvious  that  pasturing  of  forest  land  be  it  high  or  low  has 
the  same  ultimate  effect.   If  some  of  our  endangered  species  are  weeds,  they 
are  very  special  weeds  that  tend  not  to  move  around  much.  A  stand  of  them  may 
be  gone  the  year  after  pasturing. 
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Final  Observations 

As  I  see  It,  the  difficulties  In  saving  endangered  plant  species  are 
as  fol Iqws : 

1.  We  appear  still  to  be  far  behind  In  our  Inventory.   Much  of  the 
Information  that  Is  being  fed  Into  computers  Is  based  on  older  records. 

I  do  not  believe  that  many  of  these  records  are   checked  out  today,  or  are 
Inadequately  checked  out;  thus,  more  effort  In  the  field  Is  needed  on  the 
part  of  many  more  trained  personnel  than  are  presently  supported  for  such 
work.   Talk  to  anyone  today  who  Is  trying  to  do  a  state  flora  In  the  United 
States.   In  endangered  species  work  much  too  much  support  appears  to  be  given 
to  administration.   The  way  habitat  Is  being  wiped  out,  last  year's  record 
may  be  no  good  today.   Continuing  field  Inventory,  as  any  who  have  done  It 
know.  Is  time  consuming,  expensive,  but  necessary. 

2.  We  have  a  problem  with  education,  even  among  our  resource  technicians. 
Most  resource  managers  are  understandably  preoccupied  with  how  to  use  the 
land  In  their  charge  or  ownership  profitably.   Their  jobs,  their  Income 
depend  on  this.   How  is  it  possible  to  convince  them  that  "x"  number  of 
species  of  grasses  and  sedges,  or  some  of  our  less  colorful  composites,  all 

of  which  comprise  a  challenge  even  to  specialists,  can  be  protected  and  at 
the  same  time  allow  for  profitable  land  use?   How  Is  It  possible  to  train  a 
woods  crew  to  identify  plants,  to  do  this  at  minimum  loss  to  the  efficiency 
of  an  operation?  These  questions  have  occurred  to  you  all;  we  have  little 
time  to  find  answers. 

In  regard  to  my  own  work,  certainly  endangered  species  It  seems  to  me 
ought  to  fit  into  the  management  plans  for  forested  lands.  Their  disappearance 
from  much  of  their  former  area  ought  to  be  one  of  the  more  alarming  symptoms  of 
land  trouble  In  the  country  today,  a  warning  that  a  large  part  of  a  system  of 
forests  that  (without  human  manipulation)  have  provided  vast  revenues  is  being 
altered  perhaps  irreversibly  and  certainly  to  the  loss  of  all. 

In  order  to  identify  the  problem,  it  helps  to  be  able  to  Identify  the 
plants.   The  showiest  species  may.  In  the  long  run,  show  us  the  way.   Everyone 
can  Identify  a  pitcher  plant,  a  fly-trap,  a  ladyslipper.   Of  course,  such 
plants  are  for  the  same  reason  victims  of  commercial  exploitation.   However,  It 
may  well  work  out  that,  under  a  blanket  of  sensible  protection  offered  to  the 
more  conspicuous  endangered  elements,  associated  endangered  species  of  grasses, 
sedges,  etc.,  that  are  difficult  for  most  of  us  to  Identify  may  themselves  be 
protected.   Thus,  for  example,  when  instructions  are  given  to  ease  up  on  a 
particular  pitcherplant  habitat,  several  rare  sedges  and  grasses  will  also 
benefit.   So  we  are   then  face  to  face  with  what  we  all  know  must  be  done, 
namely  to  preserve  some  blocks  of  habitat  Intact,  even  If  these  be  "nested" 
within  largely  manipulated  areas. 

What  appears  to  be  ahead  for  a  lot  of  us  who  are  concerned  with  preserva- 
tion of  endangered  plant  species  is: 

a.   Further  and  timely  census  of  existing  localities,  clarification  of 
Identifying  characteristics  both  of  the  species  and  their  habitats. 
Making  this  information  available  quickly  to  those  who  work  with  the 
land  or  shape  lard  use  policy. 
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b.  Improved  communication  with  land  managers,  coordination  such  as 
will  lead  to  realistic  incorporation  of  endangered  species  into 
management  plans.   This  (again)  has  to  involve  accurate  identifica- 
tion of  both  the  species  and  their  special  habitat. 

c.  To  explore  further  the  possibility  that  a  more  sophisticated  manage- 
ment can  evolve,  tempered  as  it  will  be  with  a  better  understanding 
of  all  parts  of  terrestrial  systems.   The  fortunes  made  from  the 
land  as  we  found  it  are  testimony  to  the  fact  that  it,  meaning  al 1 
of  its  quirky  species,  had  a  place  in  making  that  profit.   It  should 
follow  that  this  profitability  arose  through  intact,  healthy  ecological 
systems,  even  the  smallest  parts  of  which  must  have  significance 
economically  if  not  aesthetically. 
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ENDANGERED  SPECIES  -  QUESTIONS  OF  SCIENCE,  ETHICS  AND  LAW 

J.  Frank  McCormickl 
Abstract 


Protection  of  endangered  plant  species  is  commonly 
sought  through  scientific  research  which  may  provide  a  better 
understanding  of  the  environmental  changes  which  threaten  plant 
species.  Other  efforts  focus  upon  the  development  of  an  envi- 
ronmental ethic  to  protect  endangered  species  out  of  respect 
for  life  in  all  its  varied  forms.  A  final  recourse  is  to 
secure  protection  of  endangered  species  under  law.  The  argu- 
ment presented  is  that  ecological  research  and  evolution  of  an 
environmental  ethic  must  be  pursued,  but  neither  will  protect 
endangered  plant  species  from  extinction.  Law  and  law  enforce- 
ment are  presently  inadequate  but  offer  the  best  promise  of 
effective  species  preservation. 


^Director  ,  Graduate  Program  in  Ecology  and  Professor  of  Botany, 
The  University  of  Tennessee,  Knoxvllle,  Tennessee. 
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Species  exist  as  populations.  Each  species  shares  a  cornnon  environment 
with  others  and  may  modify  that  environment  through  the  influence  of  biotic 
structure  or  products  of  physiological  processes.  Species  populations  inter- 
act with  one  another  in  the  capture,  conversion  or  movement  of  energy, 
nutrients  and  water  within  complex  natural  ecosystems.  Accordingly,  if  re- 
search on  species  biology  is  to  be  applicable  to  problems  of  endangered 
species,  it  is  imperative  that  we  include  analysis  of  the  ecological  niche  of 
each  species  within  the  context  of  the  total  ecosystem. 

Endangered  species  may  acquire  such  status  by  remaining  relatively  immu- 
table in  a  rapidly  changing  environment.  The  constant  state  of  flux  of  the 
inorganic  world  has  always  been  a  driving  force  for  organic  evolution.  How- 
ever, the  rate  and  magnitude  of  environmental  change  resulting  from  recent 
activities  of  a  single  species,  Homo  sapiens,  exceeds  the  adaptive  capacities 
of  most  species,  most  notably  Homo  sapiens  itself.  Each  species  identified 
as  endangered  is  a  symbolic  alarm  to  the  ecosystem  of  which  it  is  a  vital 
component.  The  cause  for  alarm  is  obvious.  Actions  and  forces  which  alter 
the  environment  to  a  degree  that  the  most  sensitive  biological  components  are 
endangered,  in  time,  must  also  threaten  additional  species,  interspecific 
relationships  and  eventually  the  entire  ecosystem.  Too  often  in  an  effort  to 
justify  proposed  projects  and  also  avoid  species  extinction,  endangered 
species  are  protected  by  isolation  or  transplantation,  much  as  a  surgeon 
would  treat  for  a  localized  cancer;  when  in  fact  the  source  of  endangerment 
threatens  the  entire  system  as  does  the  spread  of  cancer  through  the  lymphatic 
system.  Effective  treatment  eliminates  the  source  of  infection,  purges  the 
environment  of  contamination  and  stimulates  repair  of  afflicted  components. 
Unless  we  resist  taking  the  path  of  least  resistance,  and  unless  we  argue 
protection  of  the  entire  habitat,  our  legacy  to  future  generations  will  be 
endangered  animals  in  Zoos  and  endangered  plants  in  gardens  with  no  natural 
habitat  to  which  they  might  return.  Like  simple  surgery,  transplantation  is 
an  effective  deterent  to  extinction,  but  only  as  a  last  resort. 

Extinction  like  birth  and  death  of  individuals  is  a  natural  phenomenon, 
but  it  is  more  significant  in  that  beyond  a  shift  in  the  equilibrium  of  mor- 
tality and  natality  there  is  an  irretrivable  loss  of  life  form.  The  most 
significant  questions  concerning  species  extinction,  like  those  often  asso- 
ciated with  death  or  pregnancy,  relate  to  the  cause  of  the  condition  as  much 
as  to  the  condition  itself.  The  prescription  offered  is  for  biologists  to 
look  beyond  the  symptoms  of  species  health  and  safety,  to  become  consciously 
aware  of  the  causes  of  species  being  endangered  and  to  become  professionally 
active  in  an  attack  upon  these  causes.  The  fight  takes  place  in  the  arenas 
of  science,  ethics  and  law;  each  of  which  are  at  present  mutually  irrelevant. 

In  an  egocentric  society  guided  by  anthropomorphic  ethics,  it  is  sur- 
prising that  only  yesterday  we  came  to  realize  that  human  health  is  dependent 
upon  environmental  health.  How  long  will  it  be  before  we  consciously  acknow- 
ledge the  unconscious  reality  that  not  only  Homo  sapiens,  not  only  certain 
animals,  but  all  species,  including  plants,  are  endangered  by  the  consequences 
of  similar  stresses,  philosophies,  policies  and  actions? 
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QUESTIONS  OF  SCIENCE 

Endangered  species  include  those  unable  to  acclimate,  adjust  or  adapt  at 
rate  compatible  with  environmental  change.  Species-environmental  relation- 
ips  are  by  definition  and  practice  the  subject  of  ecology.  Certain  defi- 
encies  in  this  young  science  are  in  part  responsible  for  the  plight  of 
dangered  plant  species.  Illumination  of  these  problems  may  identify  paths 
progress. 

Ecologists  appear  to  be  poor  teachers.  The  lessons  of  ecology  are  either 
orly  taught  or  there  is  an  organized  resistance  to  their  acceptance.  We 
pear  to  have  been  spectacularly  unsuccessful  in  explaining  the  interdepen- 
ncies  of  plants,  animals  and  man  in  the  world  wide  operation  of  the  first 
d  second  laws  of  thermodynamics.  Biologists  must  recognize  endangered 
ant  species  as  sensitive  components  of  an  endangered  system.  Research 
forts  which  focus  on  individual  plant  species  apart  from  their  role  in  the 
osystem  will  be  only  partially  rewarding. 

A  very   serious  problem  is  that  most  biologists  do  not  recognize  the 
istence  of  plant  species  as  populations.  Ecology  texts  and  courses  des- 
ibe  plants  as  components  of  "communities",  units  of  landscape  structure, 
imals  on  the  other  hand,  are  acknowledged  to  exist  as  "populations" 
gulated  by  complex  interactions  of  density  dependent  and  density  indepen- 
nt  factors.  Plant  populations  are  seldom  subjected  to  the  rigorous 
mographic,  experimental  and  mathmatical  analysis  which  characterize  studies 
animal  population  dynamics.  Noteworthy  exceptions  include  P.B.  Cavers  (1967), 
L.  Harper  (1960),  J.M.  Hett  (1968),  J.  Pelton  (1953),  and  R.R.  Sharitz  (1973). 
e  paucity  of  research  on  the  population  dynamics  of  plants  leaves  us  unneces- 
rily  ignorant  of  the  interactions  between  plant  species  and  the  stresses 
ich  threaten  their  survival.  We  are  particularly  lacking  in  quantitative 
formation  essential  for  prediction,  which  is  an  important  measure  of  the 
wer  of  any  science. 

The  ecological  concept  of  microenvironment  recognizes  the  ultimate  sub- 
vision  of  environment  to  which  species  are  responsive  (Piatt,  1958).  A 
rollary  to  this  concept  is  that  there  are  specific  stages  in  the  life  cycle 
d  specific  physiological  processes  which  are  orders  of  magnitude  more 
nsitive  than  others  to  environmental  stresses.  It  is  imperative  that  we  go 
yond  analysis  of  species  distribution  and  abundance  and  identify  the  life 
cle  stages  and  life  processes  most  endangered  by  a  changing  environment.  The 
mensions  of  environment  are  space  and  time.  Our  research  design  must  account 
r  variations  in  the  sensitivities  of  endangered  plant  species  from  time  to 
me  and  place  to  place. 

The  dominance  of  reduction  analysis  in  scientific  methodology  is  yet 
other  unfortunate  characteristic  of  research  in  species  biology.  Reduction 
alysis  can  reveal  specific  determinants  of  population  growth,  survival  and 
versity.  Holistic  analysis  coupled  with  the  reduction  approach  can  not  only 
entify  cause  and  effect  relationships  between  endangered  plant  populations 
d  environmental  stress,  but  also  the  threats  of  environmental  stress  to 
ecies  extinction  and  to  the  entire  ecosystem.  Plant  populations,  common, 
re  or  endangered  are  so  much  a  part  of  the  complex  fabric  of  natural 
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ecosystems  that  reductionist  research  is  inadequate.  Alfred  North  Whitehead, 
in  his  classic  Science  and  the  Modern  World  (1925),  described  the  aims  of 
education  as  being  not  just  the  presentation  of  facts,  but  also  illumination 
of  the  facts.  Reduction  analysis  can  identify  the  facts,  but  illumination 
requires  holistic  analysis. 

Another  misgiving  of  reduction  analysis  is  that  it  emphasizes  biological 
dissimilarity  rather  than  similarity.  Failure  to  respect  the  similarities  of 
all  life  forms  has  contributed  to  ethical  and  legal  disregard  for  the  "status" 
and  "standing"  of  plants.  If  not  ignored,  Baldwin's  (1949)  exciting  and 
classic  descriptions  of  the  biochemical  similarities  of  all  life  forms  can 
temper  the  unethical  legal  treatment  of  plants  as  being  so  dissimilar  from 
other  life  forms  that  they  should  be  treated  as  property. 

A  frequent  error  is  to  argue  for  the  protection  of  endangered  species  for 
spurious  reasons.  For  example,  a  misconception  frequently  offered  as  concept 
is  that  species  diversity  is  directly  related  to  ecological  stability.  Perhapi 
the  myth  was  so  readily  accepted  as  reality  because  it  is  so  irresi stably 
attractive.  For  if  species  diversity  does  confer  ecological  stability,  there 
exists  a  universally  applicable  argument  for  the  protection  of  all  species, 
most  immediately  those  already  endangered.  Scientific  evidence,  however,  is 
insufficient  to  support  this  hypothesis.  There  is  in  fact  significant  evidenci 
to  the  contrary.  Because  all  arguments  for  protecting  endangered  species  may 
be  challenged,  the  arguments  must  be  defensible  or  they  will  threaten  the 
credibility  of  the  entire  effort.  At  present  the  diversity-stability  concept 
is  an  unproven  truth.  The  time  will  come  when  the  diversity-stability  hypo- 
thesis will  be  proven  valid,  but  ecologists  have  not  yet  completed  their  home- 
work. In  the  meantime  valid  arguments  for  the  protection  of  endangered  specie: 
can  be  proposed  on  other  scientific,  ethical  and  legal  grounds. 

QUESTIONS  OF  ETHICS 

Ethics,  according  to  Leopold  (1949),  are  self  acknowledged  limitations  to 
freedom  in  the  struggle  for  existence.  Interactions  between  individuals  are 
governed  by  social  ethics  or  mores  which  vary  considerably  from  time  to  time 
and  place  to  place.  Interactions  between  individuals  and  society  are  governed 
by  the  ethics  of  social  institutions.  It  follows  that  interactions  between 
individuals  and  their  environment,  which  includes  other  species,  are  to  be 
guided  by  an  environmental  ethic.  At  this  time  the  first  stages  of  an  envir- 
onmental ethic  are  gasping  for  breath  in  an  atmosphere  of  misunderstanding  and 
resistence.  The  struggle  for  existence  by  endangered  plant  species  will  not 
be  successful  without  the  continued  evolution  of  an  environmental  ethic.  This- 
evolution  began  with  the  acceptance  of  limitations  upon  freedom  of  interaction 
with  other  individuals  of  our  own  species,  at  first  obviously  with  others  of 
ones  own  race,  even  sex,  within  the  species.  Leopold's  (1949)  reference  to 
the  return  of  Odysseus  to  ancient  Greece  is  an  appropriate  example  of  the  slow 
extension  of  ethical  behavior  to  others,  and  only  certain  others.  During  his 
long  absence,  Odysseus'  wife  remained  faithful  to  him,  an  example  of  a  social 
ethic  within  the  confines  of  the  immediate  family.  Upon  his  return  Odysselis, 
with  a  single  rope,  hanged  a  dozen  slave  girls  whom  he  suspected  of  being  un- 
faithful. Beyond  the  immediate  family,  others  of  the  race  and  species,  but 
of  a  singular  sex,  were  treated  as  property.  How  far  have  we  come  since 
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lysseus'  return?  Ethics,  the  limitation  of  freedom  of  personal  action,  out 

concern  for  the  quality  of  existence  of  others,  has  been  extended  to  others 
■  our  species,  to  all  races  of  our  species  and  equally  to  both  sexes  of  our 
lecies;  or  has  it?  Is  the  1973  Endangered  Species  Act  evidence  that  in  the 
olution  of  an  environmental  ethic  we  have  extended  our  self  imposed  limita- 
on  of  action  in  order  to  assist  other  animals  species  in  their  struggle  for 
:istence?  Or,  is  it  evidence  that  in  the  absence  of  ethical  behavior  legal 
:straint  is  the  only  protection  for  endangered  species  against  extinction? 
,s  an  ecological  ethic  evolved  to  include  all  species  out  of  concern  for  the 
lality  of  existence  of  life  in  its  varied  forms,  among  which  are  endangered 
ant  species?  If  not,  how  long  will  it  take?  In  an  egocentric  society  it 
s  taken  centuries  to  develop  standards  of  ethiccil  behavior  just  within  our 
in  species.  How  long  will  it  take  to  adapt  an  environmental  ethic  which  res- 
ets the  struggle  for  existence  of  all  species  including  endangered  plants? 
nsidering  the  threats  to  existence,  the  slow  evolution  of  an  environmental 
hie  will  take  too  long. 

The  consequences  of  failure  are  too  serious  to  depend  on  the  continued 
olution  of  an  environmental  ethic  to  protect  endangered  plant  species.  Some- 
lat  less  idealistic  goals  are  to  seek  a  re-definition  of  plant  life  as  other 
lan  "property"  and  to  attain  legal  "standing"  for  plants  which  will  provide 
dangered  species  protection  under  law.  While  these  goals  present  a  signifi- 
nt  challenge,  there  are  many  reasons  it  would  be  even  more  difficult  to 
ing  about  the  rapid  evolution  of  an  environmental  ethic.  For  example,  at 
recent  conference  on  rare  and  endangered  species  in  The  Great  Smoky  Mountains 
tional  Park,  fear  was  expressed  that  identification  of  rare  or  endangered 
lecies  would  stimulate  garden  lovers,  tourists  and  even  scientists  to  seek 
it  and  deplete  populations  which  might  otherwise  go  unnoticed.  Will  speci- 
ins  appear  in  private  gardens  or  on  herbarium  sheets  as  trophies  and  as  false 
istimony  to  a  unique  environmental  experience?  Leopold  (1949)  describes  this 
ophy  mentality  in  his  essay  on  the  Conservation  Esthetic.   He  describes  two 
'oups  who  have,  for  a  long  time,  been  attracted  to  outdoor  and  wilderness 
icreation.  On  the  one  hand  there  are  those  who,  by  experience  and  observation 
I  esthetically  desirable  natural  environments,  develop   an  appreciation  and 
iverence  for  all  life  forms  and  the  intricate  complexity  of  their  interac- 
ons.  They  enter  nature  searching  for  a  meaning  of  life  and  return  with  a 
irsonal  concept  of  life  and  its  creator.  Others  enter  the  same  scenic  wilder- 
iss  convinced  by  weekly  recitation  that  God  is  already  with  them;  that  the 
'andest  trophy,  be  it  fish,  fowl  or  plant,  will  be  testimony  to  God's  guiding 
ind  in  finding  the  largest  or  most  rare  specimen.  In  the  absence  of  ethical 
ihavior,  as  exemplified  by  the  trophy  mentality,  law  and  law  enforcement  may 
icome  the  only  barriers  to  the  extinction  of  endangered  plant  species.  In  our 
iciety  it  appears  more  expedient  to  pursue  justice  under  law  than  in  the  minds 
'  man. 


QUESTIONS  OF  LAW 

Law  is  an  instrument  of  forced  behavior  necessary  when  ethical  behavior 
;  unattainable.  Plant  species  enjoy  little  protection  under  law,  including 
)e  1973  Endangered  Species  Act.  Can  law,  unlike  ethics,  change  soon  enough 
)  obviate  the  need  for  biologists  to  run  a  race  with  bulldozers  in  a  final 
'antic  effort  to  save  endangered  species  from  extinction?  Progress  must  be 
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made  in  the  following  areas  if  we  are  to  obtain  effective  legislation:  1)  a 
re-definition  of  plants  as  being  under  the  stewardship  of  landowners  rather 
than  as  being  possessed  as  property;  2)  attainment  of  legal  "standing"  for 
plants  as  currently  enjoyed  by  other  forms  of  life  and  even  by  some  inanimate 
objects;  and  3)  more  realistic  environmental  law  curricula. 

Concepts  of  ownership  and  possession  change  rapidly  as  evidenced  by  the 
emancipation  of  felons,  slaves,  and  women  within  a  few  decades.  Emancipation 
of  plants  as  property  may  be  the  final  blow  ushering  the  demise  of  the  untenabldi 
Baconian  philosophy  that  man  has  dominion  over  nature.  Garrett  Hardin  in  the 
preface  to  Christopher  Stone's  classic  "Should  Trees  Have  Standing"  (1974) 
argues  that  property  is. mistakenly  treated  as  a  noun  instead  of  a  verb,  and  is 
accordingly  erroneously  accepted  as  a  possession.  In  fact,  property  exists 
only  in  the  sense  that  there  are  property  rights  which  recognize  certain  ac- 
tions may  be  taken  to  protect  objects  against  acquisition  or  mistreatment. 
In  the  verbal  sense,  property  is  the  existence  of  defenses  against  uses  of 
objects  in  contradiction  to  those  uses  intended  by  the  steward  of  record.  If 
the  concept  of  property  is  modified  to  include  defense  against  extinction,  or 
if  plant  species  gain  the  legal  standing  of  other  life  forms,  endangered  plant 
species  may  enjoy  protection  under  law.  Both  seem  possible  in  view  of  the  ra- 
pidity of  changes  in  concepts  of  ownership  and  the  narrow  (4-3)  defeat  of 
Supreme  Court  Justice  Douglas's  dissent  in  the  1972  case  of  Mineral  King  vs. 
Sierra  Club.  The  dissent  argued  for  the  legal  standing  of  plants,  and  it 
almost  passed.  A  final  problem  is  the  inflexible  curricula  available  to  those 
pursuing  training  in  environmental  law.  Few  environmental  law  curricula  in- 
clude relevant  biology,  ecology  or  environmental  science  courses.  Consequently/ 
those  in  a  most  advantageous  position  to  speak  for  endangered  plant  species  are» 
Inadequately  prepared  to  do  so. 

In  summary,  many  plant  species  are  endangered  because  of  scientific  negli- 
gence. The  most  rigorous  scientific  techniques  available  are  seldom  applied 
to  the  analyses  of  plant  populations,  the  reductionist  philosophy  emphasises 
differences  rather  than  similarities  of  all  life-forms,  and  the  holistic  phi- 
losophy of  ecology  has  not  been  effectively  applied  to  studies  of  endangered 
plant  species.  An  environmental  ethic  has  not  yet  evolved  which  protects  plant 
species  in  their  struggle  for  existence  and  the  trophy  mentality  of  the  Conser- 
vation Esthetic  has  not  yet  been  rejected. 

In  the  absence  of  ethical  behavior,  law  and  law  enforcement  appear  to 
offer  the  most  expedient  protection  to  endangered  plant  species.  The  path 
to  progress  forks  into  two  trails,  both  of  which  must  be  explored;  both  of 
which  lead  us  away  from  extinction  of  endangered  species.  The  longer,  more 
difficult,  more  idealistic  trail  leads  to  the  development  of  an  environmental 
ethic  compatible  with  that  prescribed  by  Leopold  (1949),  Muir  (1918),  and 
Santmire  (1970).  The  shorter,  less  difficult  and  more  realistic  path  leads 
to  improved  ecological  research  in  plant  population  dynamics;  attainment  of 
legal  "standing"  for  plant  species,  rejection  of  the  concept  of  plants  as 
property,  and  improvements  in  environmental  law  curricula.  In  the  absence  of 
ethical  restraints,  legal  restraints  upon  freedom  of  action  should  be  considerec 
a  last  resort.  The  most  serious  and  tragic  consequence  of  our  inability  to 
guide  our  lives  and  our  nation  by  an  environmental  ethic  is,  by  the  course  of 
law,  a  continued  loss  of  corporate  and  personal  freedom. 
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SPECIES  BIOLOGY:   DEFINITION,  DIRECTION,  DATA  AND  DECISIONS 

J.  R.  Massey  and  Paul  D.  Whitsoni/ 

Abstract. — Decisions  concerning  preservation  of  rare,  endan- 
gered and  threatened  species  should  be  based  on  biologically  sound 
information.   The  urgency  of  the  situation  dictates  that  a  compre- 
hensive system  of  information  collection,  storage  and  retrieval  be 
developed  which  will  promote  the  collection  of  comparable  informa- 
tion facilitating  decisions  on  species  preservation.   A  model  for 
such  a  system  for  Species  Biology  Studies  is  discussed  which  con- 
sists of  four  basic  fields  of  evidence — reproduction,  dispersion, 
establishment  and  maintenance.   Basic  high  priority  questions  in 
each  field  of  evidence  are  posed  and  classification  for  character 
classes,  and  characters  with  selected  character  states  for  studies 
of  reproductive  biology  of  endangered  species  is  presented. 

INTRODUCTION 

"Species  biology"  is  a  holistic  approach  to  the  understanding  of  individ- 
uals, populations  and  population  systems  through  the  use  of  evidence  from  many 
different  fields  or  disciplines.   It  involves  an  understanding  of  organisms 
with  respect  to  their  structure,  function  and  position  with  a  time  reference. 
Such  studies  of  the  biology  of  a  species  or  other  taxonomic  rank  involve  the 
work  of  generalists  as  well  as  specialists.   This  work  represents,  in  part, 
a  reversion  to  the  much  needed  types  of  studies  made  by  naturalists  of  the 
last  century  but  with  a  fundamental  difference — the  application  of  the  best 
concepts,  techniques  and  equipment  of  today's  specialists.   Another  difference 
is  that  we  must  in  the  case  of  rare,  endangered  or  threatened  species  focus  on 
the  common  goal  of  species  preservation — rather  than  just  intellectual  curiosity. 

Our  studies  must  have  specific  direction  and  established  priorities.   Our 
first  priority  should  be  to  understand  a  species  to  the  point  that  we  can  make 
biological  and  economic  decisions  concerning  this  species  at  a  particular  site, 
in  a  specific  community-habitat  type,  at  a  given  locality.   Studies  of  speci- 
fic taxa  must  be  conducted  as  soon  as  possible  which  focus  on  questions  which 
will  allow  us  to  make  sound  decisions  at  the  earliest  possible  date.   Assuming 
that  we  have  mostly  identified  the  first  order  of  taxa  to  be  preserved,  the 
question  which  must  be  answered  is:   What  information  must  be  collected  which 
will  give  us  this  necessary  level  of  understanding  to  preserve  or  conserve 
species  both  now  and  for  the  future? 

GENERAL  SYSTEM 

A  general  model  seems  necessary  for  us  to  relate  and  develop  informa- 
tional systems  and  establish  priorities  as  well  as  to  pose  basic  high  priority 
questions. 


1./  Curator  of  the  Herbarium,  Department  of  Botany,  University  of  North  Carolina, 
Chapel  Hill  and  Executive  Secretary,  Federal  Committee  on  Ecological  Reserves, 
National  Science  Foundation,  Washington,  D.  C. 
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In  the  organizational  model  (Figure  1)  we  have  tried  to  compartmentalize 
the  essential  aspects  of  a  species,  which  should  also  be  applicable  to  communi- 
ties or  ecosystems,  into  four  major  fields  of  evidence  -  reproduction,  disper- 
sion, establishment  and  maintenance.   Within  these  four  fields  of  evidence  we 
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Figure  1.  -  Fields  of  evidence  for  understanding  the  Species  Biology  of  rare, 
endangered  and  threatened  plants. 


propose  two  subsystems  of  information  based  on  priority.   To  establish  priori- 
ties we  have  asked  a  series  of  basic  questions  which  seem  to  require  answers 
early  in  our  species  studies  which  will  give  us  data  to  make  preliminary  deci- 
sions or  assist  in  guiding  further  study.   Examples  of  decisions  which  might  be 
made  at  this  point  for  a  species  X  are: 

1.  Species  X  is  indeed  endangered,  based  on  field  experience,  and  must 

be  preserved. 

2.  Species  X  preservation  must  include  a  certain  minimal  area. 

3.  Species  X  preservation  depends  on  the  presence  of  a  Species  Y. 

4.  Species  X  will  require  habitat  management. 

5.  Species  X  would  best  be  preserved  by  the  protection  of  a  specific 

site. 

6.  Species  X  is  a  component  of  a  stable  community  and  little  or  no 

management  will  be  required. 

7.  Species  X  requires  additional  study  in  specific  areas  before  any 

far-reaching  decisions  are  made. 
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We  propose  a  preliminary  list  of  questions  that  species  biologists  address 
in  each  of  the  four  fields  of  evidence  in  Priority  Class  1.   These  questions 
should  be  answered  for  each  site  selected  for  study  and  summarized  for  each 
species  prior  to  decision- making. 


REPRODUCTION 


DISPERSION 


ESTABLISHMENT 


MAINTENANCE 


Is  the  population 
reproducing? 


Are  viable  pro- 
pagules  present 
at  a  site? 


Are  new  individ- 
uals present? 


Is  there  a  range 
of  age  &  matura- 
tion classes? 


What  types  of 
reproduction 
are  occurring'; 


What  types  of 
propagules  are 
present? 


What  is  the 
origin  of  the 
new  individuals? 


What  are  the  age 
and  maturation 
classes  present? 


What  types  of 
breeding  systems 
are  operative? 


What  is  dis- 
persed? 


What  type  of  estab- 
lishment processes 
are  operative? 


What  is  the  %  of 
the  population  in 
each  class? 


What  types  of 
pollination  sys- 
tems are  found? 


What  are  the 
dispersal  agents? 


Where  is  establish- 
ment occurring? 


What  are  the  spatial 
relations  of  the 
different  age- 
maturation  classes? 


What  is  the  repro-  What  is  the  dis- 
ductive  potential   persal  effi- 
of  the  population?   ciency? 


What  is  the  %  of 
new  individuals 
based  on  their 
origin? 


What  is  the  sur- 
vivability of  the 
individuals  pro- 
gressing into  the 
next  age  class? 


REPRODUCTIVE  BIOLOGY  SYSTEM 

The  next  step  seems  to  be  the  development  of  a  classification  of  character 
classes,  characters  and  character  states  for  each  of  the  fields  of  evidence  which 
will  allow  us  to  systematically  collect,  store,  and  retrieve  information  to  answer 
these  questions  and  formulate  others.   We  have  developed  such  a  classification  for 
the  field  of  reproductive  biology  (including  pollination)  and  are  in  the  process 
of  developing  similar  classifications  for  other  fields. 

The  subsystems  and  character  classes  for  reproduction  are  given  in  Table  1. 
Specific  characters  and  selected  character  states  for  the  high  priority  sub- 
system are  given  in  Table  2. 

SUMMARY 

The  organizational  model  and  classification  systems  proposed  are  based  on 
several  general  assumptions  (Table  3)  and  on  the  specific  assumption  that  the 
questions  posed  are  high  priority  ones  and  are  significant  in  preservation  of 
rare,  endangered  and  threatened  species. 

The  following  examples  show  the  relevance  of  selected  characters  from  repro- 
ductive evidence  to  decisions  on  species  preservation  in  general  and  selection 
of  specific  populati'^ns  or  sites. 
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1.  The  maintenance  of  maximum  variability  with  greatest  potential  for  flexi- 
bility can  best  be  accomplished  by  giving  protection  priority  to  sexually  repro- 
ducing populations. 

2.  The  type  of  breeding  system  is  often  a  critical  factor  in  determining 
the  size  of  an  area  to  be  protected.   To  preserve  the  greatest  genetic  varia- 
bility outcrossing  species  with  specific  pollen  vectors  generally  will  require 
larger  areas  than  autogamous  species  or  outcrossers  with  promiscuous  pollina- 
tion. 

3.  An  analysis  of  pollination  systems  may  indicate  that  species  other  than 
the  one  being  studied  also  serve  as  major  food  sources,  nesting  sites,  etc.,  for 
the  pollinator  of  a  rare,  endangered  or  threaterfed  species.  Preservation  of  one 
species  is  therefore  contingent  upon  preservation  of  another  species. 

4.  In  a  series  of  populations  those  with  high  reproductive  potential  and 
realization  are  better  candidates  for  preservation  than  ones  with  low  potential 
or  realization. 

5.  In  cases  where  reproductive  realization  is  low.  Species  Biology  Studies 
may  identify  causes  of  this  reduction  in  reproduction  which  may  be  corrected  to 
some  degree  by  management  practices. 

The  priority  systems  should  not,  however,  be  misconstrued  to  mean  that  only 
subsystem  1  is  important  and  that  the  next  subsystem  can  be  ignored,  or  that 
other  questions  should  not  be  asked.   The  answers  to  questions  associated  with 
the  first  priority  group  may  simply  indicate  that  information  from  the  next 
priority  group  or  other  information  is  required  before  any  preliminary  decisions 
can  be  made.   The  model  and  character  classification  scheme  are  proposed  to  offer 
direction  and  organization  for  our  attack  on  the  problem  of  understanding  and 
preserving  rare,  endangered  and  threatened  species. 


Table  1. — Classification  of  pollination-reproductive  characters  for  species 
biology — subsystems  and  character  classes. 


SUBSYSTEM  1:   High  Priority  Information 

I.   Reproductive  System  II.   Breeding  System 

III.   Pollination  System  IV.   Reproductive  Potential 
SUBSYSTEM  2:   Second  Order  Priority 

I.   Phenology  (Plant-Vector)  II.   Morphology  (Plant-Vector) 

III.   Isolating  Mechanisms  &  IV.   Analysis  of  Variation  & 
Reproductive  Barriers  Reproductive  Strategies 
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Table  2. — Character  classes,  characters  and  character  states  for  pollination- 
reproductive  biology  studies. 


SUBSYSTEM  1 


A.   Reproductive  System 

1.  Amphimixis 

2.  Apomixis 

3.  Combination 


B. 


2. 


Breeding  System  (fertilization  type  based  on  origin  of  the  pollen) 
1.   Autogamy 
Allogamy 

a.  xenogamy 

b.  geitonogamy 
Combination  (allautogamy) 


3. 


1A5) 


Pollination  System  (see  Radford  et_  al . ,  p, 

1.  Type  of  pollination  based  on  agent 

a.  anemophily 

b.  melittophily 

c.  etc. 

2.  Pathway 

a.  chasmantheric 

b.  cleistantheric 

3.  Visitor  -  Plant  relationship  (see  Faegri  &  van  der  Pijl,  p.  57  ff) 

a.  polytropic  e.   allotropic  (allophilic) 

b.  oligotropic  f. 


c.  monotropic 

d.  dystropic 
A.   Vector(s) 

a.  family 

b.  scientific  name 

c.  vector  sex 


hemitropic  (hemiphilic) 
g.   eutropic  (euphilic) 
h.   other 


D.   Reproductive  Potential 
1.   Sex 

a.  flower  c. 

b.  inflorescence  d. 
Pollen 

a.  No.  pollen  grains/anther     d. 

b.  No.  anthers/ flower  e. 

c.  No.  flowers/inflorescence    f. 
Seed 

a.  No.  ovules/fruit  c. 

b.  No.  fruits/ flower  d. 
Pollen/ovule  ratio 
Seed  germination 

a.  percentage  (specify  conditions) 

b.  phenology  (specify  conditions) 
Reproductive  potential  through  time  (plant  duration, 

of  generation) 


2. 


3. 


4. 
5. 


6. 


plant 
population 

No.  inflorescences/plant 

No.  pollen  grains/plant 

No.  pollen  viability  -  germination 

No.  possible  fruits/plant 
No.  seed  set/fruit 


I.e. 


length 


92 


Table  3. — General  assumptions. 


1.  Designation  of  status  and  legislation  will  not  in  themselves  preserve 

rare,  endangered  and  threatened  species. 

2.  Species  preservation  can  best  be  accomplished  through  habitat  preserva- 

tion which  will  involve  selection  of  sites  to  be  protected  and/or 
managed. 

3.  A  tentative  list  of  rare,  endangered  and  threatened  species  is  available. 

4.  The  major  goal  of  Species  Biology  Studies  is  to  preserve  rare,  endangered 

and  threatened  species  through  habitat  preservation  and  management. 

5.  Distributional  records  and  pertinent  literature  have  been  checked  or 

reviewed  prior  to  beginning  field  studies. 

6.  Field  sites  for  study  have  been  selected  and  described  with  precision. 

7.  Field-laboratory  researchers  are  aware  that  manipulation  at  a  site  or 

removal  of  study  subjects  from  a  site  must  be  minimal. 

8.  Field  and  laboratory  studies  and  monitoring  of  protected  sites  will 

continue  after  the  preliminary  studies  and  tentative  decisions 
have  been  made. 

9.  High  Priority  Type  Studies  may  not  be  sufficient  in  all  cases  and  more 

comprehensive  studies  may  be  required. 

LO.   The  help  of  specialists  in  many  fields  is  solicited  and  encouraged  by 
those  conducting  Species  Biology  Studies. 

LI.   Information  relative  to  management  practices  is  to  be  assembled  and 
made  available  to  all  concerned. 

L2.   Dialogue  between  interested  groups  and  individuals  should  be  promoted 
through  symposia  and  conferences  on  a  regular  basis  and  some  central 
agency  should  make  published  and  unpublished  data  available  to  all 
workers. 
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NATURAL  AREA  CLASSIFICATION  SYSTEM: 
A  STANDARDIZATION  SCHEME 


Albert  E.  Radford 


1/ 


Abstract. — Any  natural  area  classification  system  should  include 
biotlc  assemblages  (vegetation  with  accompanying  fauna),  climatic  re- 
gime(s),  soil  system(s),  geologic  formation(s) ,  and  land  form(s)  by 
physiographic  province  hierarchically  arranged  with  each  entry  at  each 
level  circumscribed  and  encoded.   The  System  proposed  represents  an  ef- 
fort to  produce  a  basic  standardization  scheme  for  more  efficient  and 
effective  inventory  and  storage  and  retrieval  of  information  on  natural 
areas,  vegetation,  floras  and  rare,  endangered  and  threatened  species. 

INTRODUCTION 

The  natural  themes  for  any  province:   A.  Vegetation  (with  animal  dependents), 
B.   Climate,  C.  Soils,  D.  Geology,  E.  Topography  are  interacting  but  independent 
systems  that  compose  the  Ecosystem.   The  basic  energy  driving  the  system  is  sunlight; 
the  basic  raw  materials  are  from  the  intrusive  and  extrusive  magmas,  oceans,  and 
atmosphere.   Vegetational  (with  animal  dependents)  composition,  distribution,  develo- 
pment is  dependent  upon  climate,  soils,  geology,  topography  acting  through  time. 
Climate  (microclimates)  is  dependent  upon  vegetation,  soils,  geology,  topography. 
Soil  composition,  distribution  and  development  is  dependent  upon  vegetation,  climate 
geology,  topography  acting  through  time.   Geological  structures,  formations,  sedimen- 
tary rocks  are  dependent  upon  climate,  vegetation,  soils  topography  and  time.   Topo- 
graphic land  forms  and  features,  structures  and  development  are  dependent  upon  climate, 
vegetation,  geology,  soils  and  time.   All  of  these  interacting,  interdependent  inde- 
pendent themes  and  systems  form  the  basis  for  the  natural  area  classification  schemes 
used  in  this  report. 

The  ecological  natural  history  themes  for  any  province  study  or  any  conserva- 
tion effort  should  provide  the  framework  for  a  comprehensive  survey  of  biotic  and 
abiotic  features.   All  types  of  communities  from  the  pioneer  to  the  climax  developed 
during  time  over  the  different  rock  types  under  each  significant  climatic  regime  on 
the  major  topographic  features  should  be  included  in  the  representative  site  samples 
of  a  complete  survey  of  the  area.   The  successional  communities,  the  topo-edaphic 
climaxes,  the  continua  should  be  part  of  the  master  theme  study  or  conservation  ef- 
fort.  Biogenesis  has  to  be  integrated  with  pedogenesis  in  explaining  the  present  and 
past  development  of  species  and  communities;  climatogenesis  and  phylogenesis  have  to 
be  coupled  with  succession  and  soil  formation  to  explain  the  present  composition  and 
distribution  of  biotic  assemblages.   In  order  to  understand  the  origin,  migration, 
evolution  of  species,  floras  and  faunas  as  well  as  the  productivity  and  composition 
of  present  communities,  man  will  have  to  try  to  conserve  the  total  diversity  of  species 
in  as  broad  a  range  of  habitats  as  possible  within  the  different  climates  in  each 
province. 

SYSTEM 

This  Natural  Area  Classification  System,  based  primarily  on  Vascular  Plants,  has 
been  designed  for  inventory  and  analysis  of  Natural  Areas,  Vegetation,  Floras  and  Rare 


y   Director  of  the  Herbarium,  Department  of  Botany,  University  of  North  Carolina, 
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and  Endangered  Species  in  the  eastern  United  States.   This  system  has  been  devised 
to  cover  (1)  all  types  of  successional  communities;  (2)  all  types  of  topo-edaphic 
climaxes;  (3)  all  vanishing,  rare,  endangered  or  relict  species,  communities  and 
ecosystems;  and  (4)  all  disjunct  species  and  communities.   The  application  of  a 
broad  natural  area  classification  for  any  province  is  necessary  for  perspective  In 
theme  analysis  and  categorization. 

This  classification  system  is  based  primarily  on  plant  habit  (physiognomy) 
arranged  in  a  time  or  a  successional  theme  from  pioneer  annuals  to  climax  angio- 
sperm  forests  (I-XIV)  with  upland  (I-VII)  and  lowland  (VIII-XIV)  toposequences  re- 
lated to  moisture  (See  Table  1).   The  System  based  on  vegetation  physiognomy  within 
a  climatic  regime  and  soil  order  on  a  major  rock  formation  and  landform  in  a  major 
physiographic  province  is  the  first  order  of  the  classification.   The  first  sub- 
order. Subsystem,  is  based  on  classes  of  rocks  (A-F)  or  parent  materials  or  water- 
type.   The  basic  rocks  (1)  are  igneous  or  metamorphosed  igneous;  the  calcareous 
(2)  are  essentially  sedimentary  carbonate  rocks;  the  carbonaceous  (3)  are  those  par- 
ent materials  high  in  organic  content;  the  ferruginous  (A)  are  precipitates,  sedi- 
ments or  metasediments  unusually  red  and  high  in  iron;  the  saline  rocks  (5)  are  salt 
or  salty;  and  the  siliceous  (6)  are  igneous,  sedimentary  or  metamorphic  rocks  high  in 
quartz  or  silicic  acid.   The  rocks  are  grouped  together  that  produce  similar  edaphic 
conditions  in  a  given  region. 

The  second  order.  Community  Classes,  are  biotic  assemblages  characteristic  of 
different  edaphic  conditions  within  a  climatic  regime.   These  classes  are  relatively 
broad  groups  (orders)  or  assemblages  that  have  been  described  in  the  literature  over 
a  long  period  of  time.   As  more  inventory  experience  is  gained,  the  list  of  classes 
will  be  extended.   Here  the  community  classes  are  indicated  as  monomials,  binomials, 
trinomials,  etc.  according  to  the  number  of  strata  in  the  community  described.  A 
woody  community  class  with  three  layers  would  have  each  layer  described  according  to 
its  physiognomic  composition;  e.g.  Spruce-fir — Tall  herb.   The  second  suborder. 
Community  Subclass,  is  a  combination  of  specific  dominant  for  the  canopy  layer  and 
community  class  for  each  lower  layer;  e.g.  Red  spruce-fraser  fir — Tall  heath — Low 
herb  or  dominant  plus  habitat;  e.g.  Pine-savannah. 

The  basic  Community  Type  (Third  order)  should  be  based  on  quantitative  data  for 
a  biotic  assemblage  with  a  uniform  microclimate  and  edaphic  situation  (pH,  moisture 
and  texture  classes  should  be  uniform  throughout  the  area) .  A  one-layered  community 
type  would  be  denoted  by  a  monomial;  e.g.  Phragmites  communis  (Reed  grass  community). 
Stratified  (two-layered)  communities  are  indicated  by  a  binomial  with  the  first  name 
based  on  dominant  canopy  species  and  the  second  on  the  dominant  "subcanopy"  species; 
e.g., 

Community  type  Chestnut  oak — Low  blueberry 

Canopy  dominant  Subcanopy  dominant 
(Shrub  layer  with  more  cover  than  herb  layer, 
herbs  scattered  or  essentially  absent) 
Community  class  Oak-hickory  forest — Heath 

Community  type  Buckeye-basswood — Glade  fern 

Canopy  codominants   "Subcanopy"  dominant 
(Herb  layer  with  more  cover  than  shrub,  shrub 
layer  essentially  absent) 
Community  class  Southern  Appalachian  Hardwoods — Filicalean  perennials 
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Community  type 
Community  class 


Scirpus  americanus — Sagittaria  subulata 
Emergent  dominant    Submerged  dominant 
Cyperaceous  perennials — Alismatalean  perennials 


Those  communities  with  three  distinctive  strata  would  have  a  trinomial  as  the  com- 
munity type  name;  e.g., 


Community  type 
Community  class 


Chestnut  oak — Mountain  laurel — Galax 
Canopy  dominant    Shrub  dominant   Herb  dominant 
(Cover  value  (5)  for  each) 
Oak-hickory  forest — Heath — Diapei\sialean  perennials 


Community  type  Water  tupelo — Duckweed — Coontail 

Canopy  dominant — Floating  dominant — Submerged  dominant 
Community  class      Cornalean  forest — Lemnaceous  herb — Nymphaealean  herb 


If  the  community  has  four  distinctive  strata  then  the  community  type  name  would  be 
indicated  by  the  dominant  from  each  of  the  four  layers.   If  vines  occur  in  two  or 
more  layers  and  have  a  total  cover  value  of  (5),  then  vine  dominant (s)  should  be  part 
of  the  community  type  name  following  (/)  at  the  end  of  the  binomial;  e.g..  Chestnut- 
oak — Low  blueberry/Catbrier.   Epiphytes  with  a  large  cover  value  should  be  indicated 
by  (//),  then  dominant  epiphyte  name;  e.g..  Water  tupelo-Duckweed — Coontail/ /Spanish 
moss. 

(Within  a  "uniform"  topo-edaphic  and  microclimatic  situation  the  habitat  is  not  uni- 
form.  The  Buckeye-basswood — Glade  fern  community  used  as  an  example  above  has  a  few 
stumps  and  fallen  logs  with  a  distinctive  flora  (hummophytes) ,  a  few  seepages  with 
some  species  restricted  to  them  (crenophytes)  and  walking  fern-covered  boulders  (petro- 
dophytes).   In  an  inventory  of  this  (or  any)  community  the  species  should  be  listed 
by  sub-habitat;  e.g.  hummophyte,  crenophyte,  petrodophyte,  epiphyte  or  calciphytes  on 
a  calcareous  lens  or  shell  sand  in  a  siliceous  based  community,  dry  mesophytes  over 
shallow  soil  in  an  otherwise  mesic  habitat,  pyrophytes  around  an  old  campsite  fire, 
aletophytes  on  trails  through  the  community  etc.  within  the  general  community  or 
habitat  summary  for  that  particular  area  or  site.) 

The  Community  Subtype  (third  suborder)  would  have  only  the  stand  dominant  indicated, 
a  monomial  for  two  or  more  layered  communities-  Eastern  Hemlock  SAF-23  (See  Table  2). 

A  basic  assumption  in  this  classification  system  is  that  the  animals  and  lower  plant 
components  of  these  biotic  communities  will  be  represented  in  the  vascular  plant  com- 
munities in  the  diverse  habitats. 

The  first  order  of  the  climatic  file  should  include  the  climatic  regimes  according 
to  Koppen  or  some  other  climatologist.   The  second  order  might  pertain  to  temperature, 
such  as  the  classification  of  C.  Hart  Merriam;  and  the  third  order  should  include  the 
edaphic  moisture  classes  as  that  of  the  U.S.  Department  of  Agriculture.   The  soil  file 
should  be  based  on  the  soil  classification  system  of  the  U.S.  Department  of  Agriculture 
with  soil  order  as  first  order,  soil  suborder  as  second  order  and  possibly  the  soil 
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type  as  the  third  order.   The  rock  file  should  include  the  geologic  formations 
as  first  order;  e.g.   The  Dakota  Sandstone,  The  Morrison  Formation;  the  rock/ 
water  classes  (Radford  and  Martin,  1975)  as  the  second  order,  e.g.  basic  rock, 
brackish  water;  and  individual  rock  types  i.e.,  diabase,  hematite  and  blackish, 
brown,  clear  water  as  the  third  order. 

Under  the  land  forms  the  first  order  would  include  broad  features  such  as 
basins,  beaches,  bluffs,  hills,  plains,  lakes  with  specific  types  of  each  as  the 
second  order  e.g.  deltaic-plain,  pluvial  pool,  fault  valley;  the  third  order  would 
include  the  broad  habitats  such  as  bottomland  field,  lake  swamp,  upland  slope  etc. 
(See  Radford  and  Martin,  1975).   The  province  file  would  be  according  to  Fenneman 
(1938); e.g.  the  Appalachian  Highlands  would  be  an  example  of  a  first  order  physio-     j 
graphic  region,   with  the  Blue  Ridge  Mountains  as  an  example  of  a  second  order        ' 
province  and  Pisgah  Ridge  as  a  third  qrder  subprovince.  The  individual  species, 
dominants  and  all  others  present,  in  the  community  type  should  be  listed  with  the 
height,  duration,  growth  form,  diaspore  and  fidelity  determined  for  each  (see  I 

Radford  and  Martin,  1975).  (See  Table  2  ) .  j 

CONCLUSIONS 

1.  Any  comprehensive  natural  area  inventory  should  include  the  total  biotic  and 

habitat  diversity. 

2.  Managed  areas  of  different  moisture,  pH  and  texture  classes  over  different 

parent  materials  should  be  conserved  within  each  climatic  zone  within  the 
province  for  the  perpetuation  and  study  of  the  native  and  introduced  species, 
particularly  pioneer  and  transient  species. 

3.  Any  standardization  scheme  for  natural  area  inventories  should  include  vegeta- 

tional  (with  faunistic  components),  climatic,  pedologic,  geologic,  topographic 
data  by  province. 

4.  An  acceptable  standard  natural  area  inventory  system  should  have  each  character 

state  properly  circumscribed  for  each  entry  at  each  hierarchical  level  so  that 
future  studies  and  analyses  will  be  comparable  and  correlative. 

5.  The  Natural  Area  Classification  System  should  be  made  as  compatible  as  possible 

with  present  classification  systems  for  vegetation^ climate,  soils,  geology, 
topography  and  physiographic  provinces. 

This  is  an  open  ended  system  that  can  be  done  as  thoroughly  as  the  time  and 
experience  of  the  investigator  will  permit.   The  system  can  be  coded  for  data  banking. 
Natural  areas  in  a  conservation  system,  or  those  being  proposed,  should  not  be  con- 
tinually investigated  for  the  same  thing.   The  information  gathered  about  the  region 
should  be  made  available  to  subsequent  investigators  so  that  new  field  data  resulting 
from  each  inventory  can  be  added  to  the  data  bank.   All  taxa  should  be  documented 
once,  not  eliminated  by  eager  biologists  collecting  in  each  and  every  visit  to  an 
area. 
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CONFERENCE  ON  ENDANGERED  PLANTS  IN  THE  SOUTHEAST 
Summary  of  the  Conference 

G.  R.  Noggle,  North  Carolina  State  University 

The  conference  was  organized  to  bring  together  botanists,  foresters,  nat- 
ralists,  and  lay  persons  interested  in  the  conservation  and  preservation  of 
fild  plants.  No  attempt  was  made  to  develop  "lists"  of  endangered  or  threatened 
pecies;  rather  the  emphasis  was  on  examining  the  forces  and  circumstances  lead- 
ng  to  the  loss  and  disappearance  of  plants  in  various  parts  of  the  Southeastern 
inited  States. 

The  discussions  were  grouped  under  five  general  topics.  Following  the 
presentation  of  several  prepared  papers,  comments  and  remarks  from  the  audience 
lere  heard. 

lefinition  and  Classification  of  Endangered  and  Threatened  Plant  Species 

There  was  general  agreement  that  the  definitions  developed  by  the  Smith- 
onian  Institution  were  satisfactory.  Endangered:  an  endangered  species  is 
ne  whose  survival  is  known  to  be  in  serious  jeopardy.  Its  peril  may  result 
rom  destruction  or  drastic  modification  of  its  specific  habitat,  over-exploi- 
atibn  by  man,  disease,  predation,  or  specific  competition  due  to  natural  succes- 
ion.  An  endangered  species  must  receive  protection,  or  extinction  probably 
'ill  follow.  Threatened:  a  threatened  species  is  one  that  may  likely  become 
ndangered  if  its  habitat  is  not  maintained,  or  if  it  is  greatly  exploited  by 
lan.  These  often  are  quite  rare  and  should  be  monitored  continuously.  They 
lust  receive  protection. 

Dr.  James  F,  Matthews  of  UNC-C  discussed  the  general  philosophy  of  making 
ists  (preferably  "determinations")  of  endangered  and  threatened  plant  species, 
.ocal ,  regional,  state  and  national  input  is  needed  and  many  people  must  be  in- 
olved  in  making  appropriate  determinations.  In  North  Carolina  a  primary  and 
econdary  list  has  been  prepared.  Following  publication  of  the  lists  further 
:hanges  will  be  made.  Terms  such  as  "rare,"  "marginal,"  "relative  abundance," 
exploited,"  and  others  were  mentioned  in  the  discussions  but  no  attempt  was 
lade  to  define  them.  A  forthcoming  publication  summarizing  the  proceedings  of 
1  Symposium  held  in  September  1974  in  Raleigh,  N.  C,  deals  with  many  of  these 
luestions.  The  publication  Endangered  and  Threatened  Plants  and  Annuals  of 
lorth  Carolina  (300  p.)  can  be  obtained~TT8.00)  from  the  North  Carolina  State 
useum  of  Natural  History,  P.  0.  Box  27647,  Raleigh,  N.  C.  27611. 

ederal  and  State  Legislation  on  Endangered  Plants 

Gail  Baker  of  the  U.  S.  Fish  &  Wildlife  Service  discussed  the  Endangered 
pecies  Act  of  1973,  a  major  piece  of  Federal  legislation.  This  is  a  strong 
ct   and  can  have  a  significant  impact  on  threatened  and  endangered  plants.  One 
ection  of  the  Act  requires  that  other  Federal  agencies  and  programs  must  be 
eviewed  by  the  Secretary  of  Commerce  or  Interior  if  they  bear  on  the  conserva- 
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tion  and  maintenance  of  endangered  and  threatened  species.  Another  section  re- 
quires cooperation  from  the  States.  Cooperative  agreements  between  States  and 
the  Federal  Government  on  land  acquisition,  management  of  habitats,  etc., can  be 
established.  A  model  cooperative  agreement  has  been  prepared  by  the  U.  S.  Fish 
&  Wildlife  Service  and  is  available  on  request. 

In  accordance  with  section  12  of  the  Act,  the  Smithsonian  Institution  pre- 
pared a  list  of  about  3,000  threatened  or  endangered  plants  in  the  U.  S.  and 
Hawaii.  A  list  of  extinct  plants  also  was  prepared.  The  list  was  published  in 
Volume  40,  No.  127,  Tuesday,  July  1,  1975,  of  the  Federal  Register.  Such  a  pub- 
lication is  the  first  step  in  getting  the  scientific  community  to  comment  on  the 
list. 

Each  state  must  establish  guidelines  for  cooperating  under  the  Endangered 
Species  Act  of  1973.  Frank  Barrack  of  the  North  Carolina  Wildlife  Resources 
Commission  outlined  activities  in  North  Carolina  concerning  the  State  Endangered 
Species  Act.  Several  kinds  of  activities  are  involved:  development  of  lists 
(determinations)  of  endangered  and  threatened  species;  in-depth  studies  of  cer- 
tain listed  species  (grants  to  qualified  persons),  and  development  of  regulations;! 
land  acquisition  of  selected,  critical  habitats.  At  all  levels  the  public  must 
be  informed  of  the  work  underway.  The  importance  of  developing  in  the  public  a 
respect  for  plants  is  stressed. 

Propagation  and  Commercial  Exploitation  of  Endangered  Plants 

Jerry  McCollum  of  the  Georgia  Department  of  Natural  Resources  discussed 
their  approach  in  establishing  regulations  to  handle  exploitation  of  plants. 
They  are  stressing  habitat  preservation  wherein  many  plants  might  be  protected. 
A  law  enforcement  activity  is  being  placed  in  the  hands  of  game  wardens.  In- 
service  training  sessions  are  being  conducted  for  the  game  wardens. 

Arnold  Krochmal  of  the  Southeastern  Forest  Experiment  Station  described 
procedures  and  techniques  being  used  in  propagating  and  growing  some  wild  plants 
used  for  medicinal  purposes.  More  basic  information  is  needed  on  other  plants 
before  they  can  be  brought  into  cultivation. 

Raymond  0.  Flagg  of  the  Carolina  Biological  Supply  Co.,  Burlington,  N.  C, 
described  their  activities  in  collecting  and  propagating  Venus  flytrap  and  other 
insectivorous  plants. 

From  the  discussion  that  followed  these  presentations  it  appears  that  the 
survival  of  many  plant  species  is  threatened  by  indiscriminate  collection  prac- 
tices. This  kind  of  destruction  by  commercial  operation  can  only  be  stopped  by 
legal  constraints  on  the  possession  and  sale  of  native  plants.  Law  enforcement 
will  be  difficult  but  it  can  be  done. 

Preservation  of  Endangered  Plant  Species  Through  Natural  Areas 

A  major  theme  throughout  the  entire  conference  was  the  preservation  of  en- 
dangered and  threatened  plants  by  establishing  natural  areas  and  habitats.  The 
speakers  described  a  number  of  public  (Federal,  State)  and  private  (Nature  Con- 
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servancy.  Society  of  American  Foresters)  efforts  to  identify  and  conserve  natu- 
ral areas. 

Gary  Waggoner,  National  Park  Service,  described  their  activities  in  iden- 
tifying natural  areas  (on  the  basis  of  endangered  species)  worthy  of  preserva- 
tion. These  areas  can  be  within  the  National  Park  or  under  other  ownership. 
National  Landmarks  can  be  recognized  on  a  voluntary  basis  by  private  owners. 

Gary  Henry,  U.  S.  Fish  &  Wildlife  Service,  described  their  role  in  seeing 
that  the  regulations  established  by  the  Endangered  Species  Act  of  1973  are  com- 
plied with.  The  Fish  &  Wildlife  Service  manages  about  34  million  acres  of  Fed- 
eral land  in  their  refuge  system.  The  land  is  id^entified  as  Landmark  Areas, 
Research  Areas,  and  Wilderness  Areas.  All  will  have  certain  components  identi- 
fied as  dealing  with  endangered  and  threatened  species.  Federal  grants  are 
available  to  states  for  the  acquisition  of  wildlife  areas. 

The  Georgia  Heritage  Program  was  described  by  Charles  Parrish  of  the 
Georgia  Department  of  Natural  Resources.  A  small  staff  has  identified  a  number 
of  habitats  worthy  of  preservation--some  because  of  endangered  plants.  To  date 
about  21  thousand  acres  have  been  purchased.  A  major  function  of  the  Heritage 
Program  is  to  acquaint  citizens  with  their  historical  and  biological  sites  and 
to  develop  a  social  consciousness  in  harmony  with  conserving  and  preserving  en- 
dangered areas. 

Robert  Chipley  outlined  programs  of  the  Nature  Conservancy.  The  programs 
are  structured  for  habitat  preservation.  Through  a  memorandum  of  agreement  with 
a  State  they  identify  endangered  and  threatened  species  in  various  habitats. 
After  such  determinations  a  protection  plan  is  developed. 

The  Society  of  American  Foresters  (Keith  Argow)  initiated  a  natural  area 
registration  program  in  1947.  Some  50  natural  areas  have  now  been  identified 
in  the  United  States.  These  are  based  on  forest  types. 

Research  Needs  on  Endangered  Plants 

Roy  Clarkson,  West  Virginia  University,  and  Robert  Krai,  Vanderbilt  Uni- 
versity, discussed  the  problems  of  determining  the  distribution  of  plants  and 
their  geographical  ranges.  Regional  manuals,  monographs,  herbarium  collections, 
and  journal  articles  contain  much  information,  but  a  great  deal  of  field  work 
remains  to  be  done  before  complete  determinations  can  be  made. 

Frank  McCormick  of  the  University  of  Tennessee  discussed  the  general  phi- 
losophy of  species  preservation.  Species  exist  as  populations  and  must  be  under- 
stood as  components  of  ecosystems.  Science,  ethics,  law,  and  economics  should 
be  pulled  together  to  construct  a  surface  amenable  to  ecosystem  preservation. 
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As  a  conclusion  to  the  presentation  on  species  biology,  Al  Radford,  Uni- 
versity of  North  Carolina  at  Chapel  Hill,  presented  a  Natural  Area  Classifica- 
tion System.  The  proposed  system  attempts  to  describe  a  basic  standardization 
scheme  for  more  efficient  and  effective  inventory  and  storage  and  retrieval  of 
information  on  natural  areas,  vegetation,  floras  and  rare,  endangered  and 
threatened  species. 

All  of  the  formal  presentations  were  followed  by  questions  and  answers 
from  the  approximately  100  persons  in  attendance.  All  levels  of  involvement 
are  essential  if  an  effective  program  of  preservation  of  endangered  and  threat- 
ened species  is  to  be  implemented.  "Running  along  in  front  of  the  bulldozer" 
is  important  under  many  situations,  and  concerned  citizens  can  change  the  way 
developers,  exploiters,  and  others  view  our  environment. 
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A  New  Method  of  Building  Scale-Model  Houses 

by 

Richard  N.   Malcolm,    Physical  Science  Technician 

Forestry  Sciences  Laboratory 

Athens,   Georgia 

Abstract.  --Scale-model  houses  are  used  to  display  new  architec- 
tural and  construction  designs.  Some  saale-model  houses  will 
not  withstand  the  abuse  of  shipping  and  handling.  This  report 
describes  how  to  build  a  solid-core  model  house  which  is  rigid, 
lightweight,    and  sturdy. 

Keywords:    Solid-core  model. 


Scale   models   are   an   excellent  way  to  present   and  convey  new  housing 
construction  ideas  to  the  general  public.     If  properly  constructed,    scale  models 
are  well  worth  the  time  and  money  spent  by  architects  to  display  their  designs. 
A  three-dimensional  model  generates  more  visual  interest  and  enthusiasm  than 
ji     a  sketch  or  line  drawing. 

The  Housing  Research  Unit  of  the  Forestry  Sciences  Laboratory  in 
Athens,  Georgia,  designed  several  low -cost  wood  homes  to  demonstrate  effi- 
cient utilization  of  wood  in  housing  construction.  The  Unit  needed  to  build 
sturdy  scale-model  houses  to  present  their  designs  to  the  public.  Often  scale- 
model  houses  are  weakly  constructed  and  easily  damaged  in  handling.  To  solve 
these  problems,  I  built  three-dimensional  model  houses  constructed  around  a 
solid  core  of  wood,   applying  simulated   siding  and   trim   to   the   outside  (fig.    1). 


Figure  1.  --Finished  scale-model  house  constructed  from  a  solid  core. 


The  present  report  shows  the  steps  used  to  construct  solid-core  model 
houses.  These  instructions  can  be  easily  applied  to  any  housing  design.  The 
models  were  built  to  scale  according  to  the  plans  found  in  "Designs  for  Low- 
cost  Wood  Homes,  "  published  by  the  Forest  Service. •"• 


STEP    1:     PLANNING   AND   MATERIALS 

Study  the   construction  plans   carefully  until  you   are   completely  familiar 
with  the  design.     Decide  on  the   amount  of  materials  needed  for  construction. 
I  suggest   gathering  the  following  materials:    scaled   balsa  wood,   water-based 
stain,   latex  paint,    wood   dowel  rods,    drywall  paste,    colored  paper,    contact 
cement,   plywood,   poster  board,   white  pine  boards,    sharp  knives,    drawing  pen- 
cils,  a  T-square,    ruler,    small  compass,   C-clamps,   polyvinyl  acetate  (P.V.A.) 
glue,   and  a  quick- setting  model  cement.     These  materials  can  be  purchased  at 
a  building  supply  company  or  a  hobby  shop.     A  plywood  cutting  board  with  a  90° 
angle  on  the  cutting  edges   is  helpful  when  aligning  and   cutting  straight  edges. 
Be  sure  to  gather  a  liberal  amount  of  patience  before  starting  construction, 

STEP   2:    CONSTRUCTING  THE   SOLID   CORE 

A  solid  core  is  the  foundation  for  a  rigid,  stable  model  house.  The  solid 
core  is  formed  by  laminating  white  pine  boards  into  a  block  (fig.  2).  Plane  the 
white  pine  boards  to  provide  a  smooth  gluing  surface.  Cut  the  boards  to  the 
approximate  block  dimensions,  leaving  an  excess  for  later  trimming.  Apply 
P.V.A.  glue  to  the  surfaces  to  be  bonded  and  then  stack  the  boards  on  top  of 
each  other.  Place  the  core  block  in  a  cold  press  or  use  C-clamps  to  apply 
enough  pressure  to  set  the  glue  evenly.  Remove  any  excess  glue  with  a  damp 
cloth.     After  2  to  4  hours  the  block  is  ready  for  trimming  and  squaring. 


Figure  2.  --Laminated  block  core. 


^Anderson,   L.  O.,   and  Harold  F.    Zornig.      1969.     Designs  for  low-cost  wood  homes,      p.    l-2£ 
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Cut  the  block  down  to  scale  size,    but  leave  an  excess  for  later  shaping  of 
the  roof.     Mark  the  foundation  on  the  bottom  of  the   model  core.     If  your  design 
calls  for  a  raised  house   on  foundation  poles,   drill  holes  for  the  support  poles 
now.     When  drilling  holes   in   the   block,   do  not  penetrate  the   roof  slope.     You 
can  reduce  the  weight  of  the  solid  core  by  drilling  additional  holes  in  the  bottom 
(fig.   3).     Above  all,    don't  damage  any  foundation  holes  when  drilling  to  remove 
excess  weight.     For  safe  operation,   use  high-speed  drill  bits  in  a  drill  press  at 
medium  setting.     Mark  the    angle   of  the   roof  and   set  the   handsaw  for  desired 
cuts  (fig.    4).     After  cutting  the  roof  angle  the  solid  core  is  complete. 


Figure  3.  --Holes  drilled  to  reduce  excess  weight. 


Figure  4.  --Bandsawing  roof  slope. 
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STEP   3:     PREPARING   EXTERIOR   MATERIALS 

Window  and  door  casings,  window  sashes,  doors,  steps,  step  stringers, 
deck  flooring  and  railing,  and  all  siding  should  be  cut  to  scale  from  thin  balsa 
wood  strips  and  stained  or  painted  with  a  water-based  stain  or  latex  paint.  You 
must  stain  before  gluing  to  assure  an  even  surface  overall.  If  you  wait  until 
after  gluing,  the  stain  will  not  cover  any  area  that  has  glue  on  it.  Also,  glue 
does  not  bond  well  to  oil-based  finishes,  so  water-based  finishes  are  recom- 
mended. 

After  the  finish  has   been  properly   applied   and  completely  dried,    the  ex- 
terior  siding  can  be   cut.     First,   mark  all   exterior   siding  material  with   soft 
lead,  using  dividers  to  indicate  individual  lines,    creating  a  design  like  grooves 
on  1-11  plywood  siding  (fig.    5).     Then  use  the  plywood  cutting  board,    30°  to  60° 
or  45°  triangles,    and  a   sharp  knife.      Measure    the    siding  to   scale,    place    it 
against  the  fixed  90°  angle  on  the  cutting  board,    and  hold  the  material  firmly  to 
score.     If  more  than  one  piece  of  the   same    size   is  needed,   use  the  first  piece 
you   cut   as   a    pattern    for    all    the    others.     This   practice   eliminates   repeated 
mieasurements. 


Figure  5.  --Marking  of  exterior  material. 

STEP   4:    BONDING  THE   SIDING 

Arrange  all  siding  on  scrap  paper  with  no  sides  touching  and  the  outside 
face  down.  Use  an  inexpensive  paintbrush  to  apply  contact  cement  to  the  inside 
face  of  the  siding  and  to  the  outside  face  of  the  model  core;  let  the  cement  dry 
until  tacky.  Use  contact  cement  to  speed  the  bonding  process.  To  test  when  the 
siding  and  model  core  are  ready  for  bonding,  press  a  small  scrap  of  paper  to 
the  set  surface.  If  the  paper  can  be  removed  without  sticking,  the  contact 
cement  is  dry  and  the  siding  and  core  are  ready  to  bond.  If  the  paper  sticks, 
the  contact  cement  needs  to  dry  longer. 


-u- 


Bonding  is  the  most  crucial  point  in  construction,  so  be  careful  and  pre- 
cise. Align  the  objects  accurately  before  pressing  into  final  position  because 
once  together,  the  objects  are  bondedl  There  can  be  no  shifting  or  separating 
to  straighten  or  move  the  siding.  One  trick  is  to  cut  all  the  outside  surface 
materials  oversize  and  then,  after  bonding,  trim  the  excess  using  the  model 
core  as  a  guide.  To  position  the  siding,  place  paper  between  the  surfaces  being 
bonded  until  they  are  aligned.  Bond  one  end,  remove  the  paper,  and,  in  a  roll- 
ing motion,   work  to  the  other  end  pressing  the  siding  to  the  core  (fig.   6). 


Figure  6,  --Bonding  siding  to  core. 


STEP   5:    FINISHING  THE   EXTERIOR  WALLS 

After  all   the   siding  has   been   bonded   to   the  core,   you  are  ready  to  make 
the  window   and   door  openings.      Follow   the   working  drawings   and  locate   the 
openings.     Place   a  scale   or  divider   in  a  vertical  position  at  each  end  of  the 
wall  and  mark  the  desired  height  lightly.     Draw  very  light  horizontal  lines  be- 
tween the  height  marks.     Then  mark  width  openings  on  the  horizontal  lines.     Be 
extremely  careful  in  cutting  the   openings  in  the  siding  (fig.    7).     A  sharp  knife 
and  careful  following  of  the  penciled  lines  are  essential. 

Use  colored  paper  to  represent   glass   and  wood  panels.     After  the  paper 
has  been  glued   in  the  openings,    the  jambs,  headers,    and   thresholds   should  be 
sized   and  positioned  over  the   paper.      Strips  of    prestained    balsa    should  be 
scaled  and  cut   to   size  for  window   and   door  frames,    thresholds,   and  casings. 
These  strips   should   be   thick  enough  to  protrude   from   the  model  core  so  that 
they  are  not  flush  with  the  siding.     For  proper  bonding,    spread  contact  cement 
on  the  bottom  and  one  side  of  thresholds,    jambs,   and  headers  (fig.    8),     Remove 
all  excess  glue  before  it  dries,   to  eliminate  reflection  spots. 
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Figure  7.  --Cutting  door  and  window  openings. 


Figure  8.  --Placing  doorjamb  in  position. 

STEP    6:     FINISHING  THE  ROOF 

The  roof  may  be  covered  in  several  ways.  Explained  here  are  two  meth- 
ods: colored  poster  board  and  drywall  paste.  The  poster-board  construction 
method  requires  dividers,  a  T-square,  and  a  knife.  You  also  need  a  plywood 
cutting  board  with  a  raised  metal  90°  angle  fixed  in  one  corner  to  mark  and  cut 
the  shingle  patterns.  Cut  the  poster  board  to  scale,  following  the  blueprint  for 
the  shape  of  the  roof  and  the  overhang.  Each  plane  surface  of  the  roof  requires 
a  separate  piece  of  poster  board.  To  represent  horizontal  edges  of  shingles, 
draw  lines,    scaled   to   the   actual   shingle    size,   parallel   to  the  edge  of  the  roof. 
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Then  place  the  poster  board  on  the  plywood  cutting  board,   the  outside  overhang 
edge  against  the  horizontal  edge  of  the  90°  angle  and  T-square.     Using  firm  but 
light  pressure,    score   the   poster  board,    being  careful  not  to   cut   too   deeply. 
Then  position  and  score  the  vertical  lines  representing  the  shingle  width.    Bond 
the  poster-board  shingle  patterns  to  the   core   roof  with  model  cement  (fig,    9). 
The  overhang  will  not   be   bonded   to  the  core;    a  line  should  be  lightly  drawn  on 
the  underside  of   the   poster  board  to  indicate  the  areas  to  glue.     Again,   be  ex- 
tremely careful  when  aligning  the  roof  in  its  proper  position  for  bonding.    When 
the  roofing  is  bonded  correctly,    there  will  be  thin  spaces  between  the  roof  sec- 
tions,   at  the  hip,   valleys,  and  ridge.     These  spaces  should  be  covered  with  thin 
strips  of  scored  poster  board.  * 


Figure  9.  --Bonding  shingles  to  roof. 

Drywall  paste   compoimd    can    be    used  to   simulate  a  built-up    composi- 
tion roof  or  sprayed-on  foam  roof.     First  bond  the  poster  board,   using  contact 
cement,   to   all   areas   to  be   covered  with  the   roofing  compound.     This  poster 
board  absorbs   excess  liquid  from   the   drywall   compound,   preventing  any  dis- 
tortion of  the  model  structure.      Following  directions  on  the  container,   mix  and 
spread  the  joint  compound  with  a  spatula.     After  obtaining  the  desired  buildup, 
but  before  the  joint  compound  is  dry,  use  a  spatula  in  a  patting  motion  to  give  a 
stippled  texture  (fig.    10). 


STEP    7:     CONSTRUCTING  THE   BASE 

To  complete  and  enhance  a  finished  model,   build  an  attractive  base  from 
3/8-inch  or  1/2-inch  plywood   covered  with  polystyrene  foam.      The  size  of  the 
base  may  vary,   but  keep  the   model   and  base    in  proper  proportion.     Bond  the 
plywood  and  foam  together  with  contact  cement.     Mark  the  exact  location  of  the 
house  on  the  foam  base.     If  the  house  design  requires  visible  pole  foundations, 
then  drill  the  place  for  the    support  poles    in  the  base  before  finishing  the  base. 
The  length  of  the  wooden  dowels  to  be  used  as  support  poles  must  be  measured 
carefully,   taking  into  consideration  the  depths  of  the  holes  in  the  solid  core  and 
the  base.     Follow  the  blueprint  carefully'. 
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Figure  10.  --Spatula  used  to  stipple  roof. 


Mark  the  pole  foundation  positions  on  the  bottom  of  the  base.     Drill  these 
positions  with  a  drill  press.     If  a  drill  press  is  not   available   and  a  hand  press 
is  used,   drill  oversized  foundation  holes   completely  through  the  base.     Plumb 
the  precut  wooden  dowels  with  a  triangle,   forming   90°  angles  between  the  base 
and  the  poles. 

The  foam  is  ready  to  be  cut  to  its  desired  surface  shape.  A  handsaw, 
butcher  knife,  or  other  appropriate  cutting  tool  can  be  used  to  trim  the  base. 
Final  shape  of  the  base  can  be  the  personal  preference  of  the  model  builder. 

To  add  texture  to  the  base,    cut  lines  up  and  down  the  surface  of  the  foam, 
1/8  inch  apart  and  1/16  inch  deep  with  a  sharp  knife.     Then  make  similar  cuts 
across   the  foam,   perpendicular   to   the   lines  you  have   just  drawn.     When  you 
finish,   the  surface  of  the  foam  should  resemble  graph  paper.     Scrape  the  knife 
over  the  base  to  chip  away  excess  foam.     When  done  correctly,   this  procedure 
will  leave  the  base  with  a  slightly  rough  surface  (fig.    11).    Paint  over  the  rough 
surface  with  water-based  paints  that  do  not  deteriorate  plastic  foam.     Different 
colored  paints  can  represent  earth  or  grass. 


STEP    8:    MOUNTING   AND  FINISHING  THE   MODEL 

After  the  paint  has  dried,  mount  the  model  onto  the  proper  position  on  the 
base  or  support  poles.  Securely  bond  the  house  and  base  together  with  either 
P.V.A.  glue  or  contact  cement.  When  the  glue  has  set,  you  may  construct 
outside  sundecks,  porches,  or  steps  out  of  balsa  wood.  Follow  the  blueprints 
for  the  proper  scale  and  position  of  these  exterior  options.  Use  a  quick-setting 
model  cement  to  attach  the  finished  structures  to  the  house.  These  exterior 
structures  will  be  the  most  fragile  part  of  your  scale -model  house. 
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Figure  11.  --Preparing  the  base. 

Now  you  have  successfully  completed  a  scale-model  house   (fig.    12).     The 
solid  core  has  added  stability  and  strength  to  the  basic  design  of  model  houses. 
By  using  your  imagination  and  patience,   this  method  could  be  applied  to  a  vari- 
ety of  house  plans  and  scale  models. 


Figure  12.  --Completed  scale-model  house. 
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The  Forest  Service,  U.  S.  Department 
of  Agriculture,  is  dedicated  to  the 
principle  of  multiple  use  management 
of  the  Nation's  forest  resources  for 
sustained  yields  of  wood,  water,  for- 
age, wildlife,  and  recreation.  Through 
forestry  research,  cooperation  with 
the  States  and  private  forest  owners, 
and  management  of  the  National 
Forests  and  National  Grasslands,  it 
strives — as  directed  by  Congress — 
to  provide  increasingly  greater  service 
to  a  growing  Nation. 


USDA  policy  does  not  permit  discrimination 
because  of  race,  color,  national  origin,  sex 
or  religion.  Any  person  who  believes  he  or 
she  has  been  discriminated  against  in  any 
USDA-related  activity  should  write  immedi- 
ately to  the  Secretary  of  Agriculture, 
Washington,    D.  C.     20250. 
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PREFACE 

The  information  in  this  publication  was  presented  at  two  Cone  Analysis 
Workshops  organized  by  Dr  Earl  W  Belcher,  Jr ,  Director  of  the  Eastern  Tree  Seed 
Laboratory,  during  November  1  976  at  Macon,  Georgia  These  workshops  were  presen- 
ted by  personnel  from  the  Southeastern  Area,  State  and  Private  Forestry,  and  the 
Southeastern  Forest  Experiment  Station  The  authors  of  this  workbook  are  those  who 
developed  the  workshop  and  conducted  training  sessions 

This  guidebook  contains  the  information  essential  for  cone  analysis  and  interpreta- 
tion of  the  results.  Cone  Analysis  Service  (CAS)  is  also  available  at  cost  from  the  Eastern 
Tree  Seed  Laboratory  at  Macon,  Georgia, 
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INTRODUCTION 


Southern  pine  tree  improvement  programs  require  an  ample  supply  of  improved  seeds  J  but  production  from  southern 
pe  seed  orchards  has  often  been  disappointing  If  high  production  is  to  be  maintained,  yields  must  be  monitored  and 
cuses  of  seed  losses  must  be  identified.  Techniques  for  determining  seed  efficiency  were  first  used  for  red  pine,  Pmus 
rsinosa  Ait,  by  Lyons  (1956)  Bramlett  (1972b,  1974)  modified  and  further  developed  a  procedure,  known  as  cone 
cialysis,  for  evaluating  production  efficiency  in  southern  pine  seed  orchards 

Cone  analysis  provides  information  needed  to  evaluate  seed  production  and  seed  orchard  management.  Actual  seed 
\i\d  of  individual  cones  is  compared  to  the  potential  seed  yield.  Productivity  can  then  be  expressed  in  terms  of  seed  ef- 
f  lency.  One  can  determine  in  which  stages  of  seed  development  certain  losses  occur,  and  the  types  of  seed  failures  can  be 
iantified  and  quantified 

This  guidebook  outlines  the  basic  cone-analysis  procedure,  the  factors  involved  in  losses  of  seed,  and  the  interpretation 
iid  value  of  the  results  It  is  a  stepwise  guide  for  those  who  wish  to  conduct  their  own  cone  analyses  More  detailed  dis- 
(issions  may  be  found  in  the  publications  listed  in  the  Literature  Cited  section  Tree  improvement  workers  who  do  not 
"ant  to  analyze  cones  themselves  can  obtain  this  service  at  cost  from  the  Eastern  Tree  Seed  Laboratory  This  guidebook 
'ill  help  them  understand  the  analytical  results  they  receive 

(rms  in  boldface  type  are  defined  in  a  glossary  at  the  end  of  this  guidebook 
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II.    CONE  AND  SEED  DEVELOPMENT 
AND    MORPHOLOGY 


A  basic  knowledge  of  cone  and  seed  development  and  morphology  is  essential  to  understand  cone  analysis 
Pine  trees  produce  two  types  of  strobili:  male  or  pollen-producing  catkins  and  female  or  ovule-producing  cones.  1 
primordia  of  the  female  cones  are  initiated  in  the  summer  The  following  spring  female  flowers  emerge  in  an  erect  pc 
tion  from  protective  bud  scales  on  the  tips  of  new  shoots  (fig.  1A).  The  female  flowers  are  composed  of  many  soft,  fie; 
scales  spirally  attached  at  right  angles  to  a  central  axis.  Pairs  of  ovules  originate  as  small  protuberances  at  the  bases 
scales  (fig  1  B)  Not  all  scales  produce  functional  ovules:  only  those  in  the  central  region  of  the  cone  have  the  potential 
produce  ovules  and  eventually  seeds  These  are  called  fertile  scales.  The  lower  scales  and  those  at  the  tip  of  the  cone 
infertile  and  never  bear  seeds  (infertile  scales). 

At  the  time  of  pollination,  a  single  layer  of  cells  (integument)  covers  the  ovule  Pollination  occurs  when  the  poll 
grains  are  carried  by  the  wind  from  the  male  catkins  to  the  female  flowers.  Pollen  grains  enter  the  ovule  (fig  IC)  throu 
an  opening  (the  micropyle)  in  the  seedcoat.  Once  in  contact  with  the  ovule,  pollen  grains  germinate  and  pollen  tut 
grow  from  the  pollen  chamber  into  the  ovule  tissue  (nucellus)  (fig.  ID).  The  pollen  tube  develops  slowly  during  thefi 
growing  season,  and  the  winter  is  over  before  it  reaches  the  mature  egg  cell  of  the  ovule.  For  more  than  1  full  year,; 
ovule  remains  only  a  fraction  of  the  size  of  a  fully  developed  seed.  During  the  year  after  pollination,  the  female  flowers, 
called  conelets. 
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Figure  1.  -Pine  seed  formation.  Drawing  adapted  from  one  provided  by  Carolina  Biological  Supply  Company. 
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len  vegetative  growth  starts  in  the  second  spring,  the  ovule  also  resumes  development  and  enlarges.  From  12  to  16 
IS  after  pollination,  depending  on  pine  species,  the  pollen  tubes  grow  far  enough  into  the  ovule  to  reach  specialized 
jres  (archegonia)  containing  the  egg  cells  (fig.  1  E).  Sperm  cells  from  the  pollen  tubes  fertilize  the  eggs,  and  embryos 
ssues)  form.  The  gametophyte  tissue  surrounds  the  embryo  and  provides  the  nutntional  reserves  for  the  seed  ( IN 
;)  During  this  time,  the  conelet  enlarges  rapidly  to  form  a  full-sized  cone.  Seeds  are  full  sized  at  the  time  of 
ation,  but  seeds  and  cones  continue  to  mature  until  late  summer  or  early  fall. 

{nature,  fully  developed  seed  (fig  1G)  has  an  embryo  composed  of  immature  needles  (cotyledons),  immature  stem 
cotvl),  and  an  immature  root  (radicle).  The  gametophyte  tissue  enveloping  the  embryo  provides  the  food  reserves  for 
nation.  The  hardened  seedcoat  protects  the  seed. 

3  sequence  of  piTie  seed  development  -  from  flower  phmordia  formation  to  seed  fall  -  is  illustrated  in  figure  2.  This 
)pment  spans  parts  of  three  growing  seasons. 
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2.-The  cycle  for  flowering  and  seed  production  in  southern  pines 


III.  GENERAL  GUIDELINES 
FOR  CONE  SELECTION 

The  method  and  number  of  cones  to  select  for  analysis  depend  on  the  analytical  objectives,  the  planting  design 
variation  within  the  orchard 

Overall  performance  of  the  orchard  can  be  evaluated  by  selecting  cones  from  throughout  the  orchard.  Exclude  all  insi 
damaged  cones,  but  do  include  cones  of  all  sizes  that  are  normally  harvested  and  extracted.  Such  a  bulk  sample  can 
used  for  comparisons  with  other  orchards  or  with  other  years  for  the  same  orchard.  A  sample  of  from  25  to  100  cones 
orchard  is  normally  sufficient  to  evaluate  overall  seed  efficiency.  However,  with  such  selection,  no  conclusions  can 
reached  about  individual  clones. 

If  seed  efficiencies  must  be  estimated  for  individual  clones,  cones  have  to  be  collected  separately  from  specific  cloi 
From  limited  data,  it  appears  that  10  or  more  cones  per  clone  are  required.  If  individual  ramets  are  sampled  within  a  cic 
then  three  to  five  cones  per  ramet  will  probably  be  necessary.  Additional  research  and  experience  will  provide  a  better  bi 
for  specific  cone  sample  numbers. 

How  well  the  sample  represents  orchard  conditions  depends  on  the  variation  within  the  orchard.  Morphological  tr 
such  as  cone  length,  number  of  scales,  and  seed  potential  vary  relatively  little,  and  only  small  samples  are  required  to 
timate  these  traits  with  specified  reliability.  Seed-yield  traits,  however,  are  more  difficult  to  estimate  because  multiple  I 
tors  (pollination,  insects,  etc.)  contribute  to  the  variation.  Seed  and  ovule  losses  must  be  attributed  to  specific  agent! 
identify  problems  in  orchard  management,  and  such  losses  can  be  highly  variable  Since  seed  losses  are  less  wi 
management  is  good,  seed-yield  traits  can  be  estimated  from  relatively  small  cone  samples  in  a  high-yielding,  w 
managed  orchard  The  very  orchards  where  problems  exist  and  where  information  needs  are  greatest  are  the  mostdiffii 
to  assess  and  require  the  largest  cone  samples 

IV.  RECOGNIZING  ABORTED 
OVULES  AND  SEEDS 

In  order  to  understand  the  details  of  the  cone  analysis  procedure,  it  is  first  necessary  to  be  able  to  distinguisi 
developed  seed  from  an  aborted  ovule.  Ovule  abortion  may  occur  during  the  first  or  second  year  of  development.  Fii 
and  second-year  aborted  ovules  can  be  distinguished  from  developed  seeds  fairly  easily  by  the  methods  given  in  t 
section 

FIRST-YEAR  ABORTED  OVULES 

This  class  of  ovule  abortion  occurs  on  fertile  scales  during  the  conelet  stage  -  before  cone  enlargement  begins  in  i 
second  growing  season.  The  seed  wing  develops  normally,  and  these  ovules  have  been  called  "wings  without  seec 
Rudimentary,  nonfunctional  ovules  may  develop  with  wings  on  some  of  the  larger  infertile  scales  Infertile  scales  can 
recognized  by  their  narrow  bases  (fig.  3)  The  nonfunctional  ovule  never  has  the  capacity  of  becoming  a  seed  and  appe 
as  a  small  dark  spot  at  the  base  of  the  wing  (Lyons  1 956)  First-year  aborted  ovules  are  noticeably  larger  than  rudiment 
ovules  (figs  4,  5A  and  5B)  Some  infertile  scales  at  the  base  of  a  cone  may  produce  wings  with  no  evidence  of  evei 
rudimentary  ovule  The  smallest  infertile  scales  at  the  very  base  of  the  cone  may  not  produce  wings. 

SECOND-YEAR  ABORTED  OVULES 

Ovules  that  abort  during  the  second  growing  season  are  always  larger  than  those  that  abort  during  the  first  year  T^ 
may  have  a  partially  developed  seedcoat  (figs.  4B  and  5C).  These  ovules  are  usually  considerably  smaller  than  develof 
seeds,  because  they  generally  abort  early  in  the  second  year  of  development.  Some  ovules  abort  in  late  spring  or  early  su 
mer:  these  may  be  as  large  in  outline  as  fully  developed  seeds  but  their  seedcoats  are  collapsed  These  ovules  are  frequf 
tly  necrotic  or  shriveled  and  usually  are  attached  to  the  cone  scale  with  resin  (fig.  5D). 

DEVELOPED  SEEDS 

Developed  seeds  are  full  sized  and  have  complete  seedcoats  (figs.  3C  and  D:  4C:  5E,  right,  and  F).  These  can  be  plac 
in  specific  classes  based  on  their  internal  appearance  on  a  radiograph  (X-ray  picture) 
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3.-Cone  scales:  (A  &  B)  infertile  scales  with  narrow  base  and  no  functional  ovules,  (C  &  D)  fertile  scales  containing  two 
ped  seeds  witti  mature  seedcoat 
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4. -Classification  of  aborted  ovules  and  developed  seeds   (A)  first-year  aborted  ovules,  (Bj  second-year  aborted  ovules,  and  (C) 
>ped  seeds 


Figure  5. -Classification  of  ovules  and  seeds   (A)  rudimentary  ovules  from  infertile  scale;  (B)  left,  first-year  aborted  ovule:  right  norm 
ovule;  (C)  left  early  second-year  aborted  ovule;  rig  fit  normal  ovule;  (D)  left  typical  seedbug  induced  second-year  aborted  ovule;  rigX^^ 
normal  ovule;  (EJ  sliced  seed  left  empty  seed;  right  filled  seed;  (F)  fully  developed  seeds. 
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CONE-ANALYSIS  PROCEDURE 


;one  analysis,  all  loose  seeds  and  aborted  ovules  are  extracted  from  the  cone  by  normal  procedures  Then  cone  scales 
stematically  removed  and  all  the  remaining  ovules  and  seeds  are  collected.  The  number  of  scales  classed  as  fertile 
IS  used  to  determine  the  biological  potential  of  the  cone  to  produce  seeds.  Ovules  and  seeds  extracted  and  dissected 
he  cone  are  then  classified  by  type  (figs.  4  and  5).  The  seed  efficiency  of  each  cone  is  the  number  of  filled  seeds  as  a 
itage  of  the  biological  potential  The  causes  for  seed  losses  can  be  identified  and  quantified  on  radiographs.  The  ex- 
'  seed  losses  to  each  cause  indicates  where  corrective  measures  might  be  taken  to  reduce  seed  mortality 


MENT  NEEDS 
ie  analysis  requires  little  specialized  equipment.  Essential  needs  are: 

Paper  collection  bags  for  individual  cones  (bag  size  depends  on  tree  species) 

Cone-drying  facility  (90°- 105°  F  |32°-40°  C|  and  relative  humidity  below  50  percent). 

Weighing  balance  accurate  to  1  gram. 

Variable-speed  3/8-inch  electric  drill  mounted  in  a  stationary  honzontal  position  and  adjusted  to  run  at  the  slowest 

speed. 

DnII  bits  of  vanous  sizes  (inches):  1/4,  5/16,  3/8,  7/16.  1/2,  5/8. 

Grafting  knife 

Leather  work  gloves. 

Metnc  ruler. 

Containers  for  soaking  cones. 

Germination  supplies  and  equipment. 

X-ray  supplies  and  equipment 


:edure 

3  Stepwise  procedure  for  cone  analysis  is  presented  in  a  flow  chart  in  figure  6  Bits  of  data  that  should  be  recorded  are 
ted  in  the  chart:  the  columns  mentioned  are  those  on  the  sample  data  sheet  in  the  Appendix  Some  morphological 
are  considered  optional  (shaded  columns  on  data  sheet)  and  are  not  necessary  for  computation  of  the  most  important 
md  cone  characteristics. 

o  cone-analysis  procedures  are  presented  These  are  designated  "Procedure  A"  and  "Procedure  B  "  During  the 
tion  of  data,  there  is  one  basic  difference  in  the  two  procedures  With  Procedure  A,  the  extracted  and  dissected 
)ped  seeds  are  combined  (steps  9A  and  15A  -  columns  46-61).  With  Procedure  B,  the  extracted  developed  seeds 
9B  -  columns  46-61)  are  kept  separate  from  the  dissected  developed  seeds  (step  1  5B  -  columns  62-77)  from  the 
Each  procedure  has  certain  merits  ancHimitations,  which  are  summarized  below. 

'cedure  A.  -  This  procedure  evaluates  the  yield  and  the  extraction  and  germination  efficiencies  of  all  the  seeds  in  the 
e  cone.  The  developed  seeds  extracted  from  the  cone  by  normal  procedures  are  combined  with  the  developed  seeds 
jred  by  removing  the  cone  scales  (dissection).  All  seeds  are  then  radiographed  and  classified  as  described  in  section 
e  advantage  of  the  procedure  is  that  only  a  single  radiograph  is  required  for  each  cone.  Once  the  cone  analysis  is 
on  a  particular  cone,  the  extraction,  dissection,  and  seed  classification  can  be  completed  at  one  time.  Also,  the 
ry  emphasis  is  on  the  number  of  seeds  actually  produced  in  the  cone,  rather  than  just  on  those  seeds  extracted  from 
ine  under  laboratory  conditions.  This  procedure  is  simplest  for  small  organizations  doing  their  own  cone  analysis  Ger- 
on  percentage  using  Procedure  A  is  based  on  the  ratio  of  the  number  of  germinated  seeds  to  the  total  number  of 
leeds  produced  by  the  cone. 


Procedure  B  This  is  the  procedure  currently  being  used  by  the  Eastern  Tree  Seed  Laboratory  for  its  Cone  Analysis  Se 
vice  (CAS)  In  this  procedure  the  seeds  extracted  after  forced  drying  are  radiographed,  and  tests  of  their  germination  a 
begun  before  the  remaining  steps  in  the  analysis  are  completed.  Because  germination  testing  is  the  step  that  requires  tl 
most  time,  this  procedure  can  substantially  reduce  the  number  of  weeks  needed  to  complete  the  analysis.  This  saving 
particularly  valuable  when  many  cones  are  to  be  analyzed 

The  germination  percentage  in  Procedure  B  is  the  percentage  of  the  extracted  filled  seeds  that  produce  a  normal  seec 
ing.  Extraction  efficiency  by  this  procedure  is  the  percentage  of  all  filled  seeds  in  the  cone  that  were  extracted  after  dryii 
(Karrfaltand  Belcher  1977). 

Before  starting  cone  analysis,  the  user  must  decide  which  procedure  to  follow  Once  a  procedure  is  decided  upon,  tl 
steps  and  computations  indicated  for  that  procedure  must  be  followed. 


Figure  6  -Flow  chart  for  the  steps  in  cone  analysis.  A  t  several  points  steps  are  different  for  Procedure  A  than  for  Procedure . 


Step  1 

Collect  a  sample  of  mature,  healthy  cones  to  represent  the  seed 

orchard  or  specific  clones  (see  section  III). 


Step  2 

Place  each  cone  in  a  separate  bag  with  species,  year,  orchard, 

clone,  ramet  and  cone  identification, 

(Record:  columns  5-27) 


Step  3 

Air-dry  cones  until  scale  separation  begins. 


Step  4 

Dry  cones  in  forced  draft  oven  or  kiln  at  90°- 105°  F  (32°-40°  C) 

for  24  hours. 


T 


Step  5  (optional) 

Estimate  and  record  degree  of  cone  opening  1  =  completely 
closed:  2  =  one-third  open:  3  =  two-thirds  open:  4  =  only  slightly 
closed:  5  =  completely  open  (Record;  column  28) 


T 


Step  6 

Extract  loose 

seeds  and  aborted 

ovules  by  banging 

cone  on  counter 

top 
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Step  7 

Separate  developed  seeds  from  aborted  ovules  (see  section  IV) 


Step  8 

Count  and  record  number  of  extracted,  developed  seeds  (Record: 

columns  43-45) 


Step  9A 

Place  developed  seeds  in  a  labeled 
envelope 


\ 


\ 


Step9B 

a     Place  developed  seeds  in  a  labeled  envelope  for  X-ray 
examination. 

b    Radiograph  seeds  in  envelope 

c    Begin  germination  procedures  (see  step  1 8) 

d    Classify  seed  images  on  radiograph  (see  section  VI)  (Re- 
cord; columns  46-61) 


Step  10 

Separate  first-year  aborted  ovules  from  second-year  aborted  ovules 
(see  section  IV)  Record  only  number  of  second-year  aborted 
ovules.  (Record:  columns  41-42)  Discard  all  aborted  ovules. 


Step  1 1 

Soak  cone  in  water  until  scales  close. 


Step  12  (optional) 

Measure  cone  length  to  nearest  millimeter.  (Record:  columns  29- 
31) 


Step  1 3 

Dissect  cone:  beginning  at  base  of  cone,  remove  lower  scales  with 
a  knife  point  (fig.  7).  As  cone  axis  is  exposed,  use  a  drill  with  bit 
diameters  of  1/4  inch  to  5/8  inch  to  remove  cone  axis.  This 
facilitates  scale  removal  Alternate  drilling  (1  inch  or  less  at  a  time) 
and  scale  removal  (fig  8)  Match  drill  bit  diameter  with  that  of  the 
cone  axis 


T 
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Step  14 

Separate  scales  into  groups;  (1)  lower  infertile  scales,  occurring  at 
the  base  of  the  cone  (figs.  3A,  B  and  5A);  (2)  fertile  scales,  occurr- 
ing in  the  central  two-thirds  of  the  cone  and  having  two  functional 
ovules  or  developed. seeds  (figs.  3C  and  D):  and  (3)  upper  infertile 
scales,  occurring  at  the  apex  of  the  cone  and  not  having  the 
capacity  to  produce  seed. 


/       \ 


Step  1 5A 

a.  Take  developed  seeds  from  removed  cone  scales 
and  add  to  previously  extracted  seeds  in  the  en- 
velope (step  9A). 

b.  Radiograph  envelope  containing  seeds. 

c.  Classify  seed  images  on  radiograph  (see  section 
VI).  (Record;  columns  46-61) 


X 


Step  15B 

a.  Take  developed  seeds  from  removed  cone  scales 
and  place  in  separate  envelope. 

b.  Radiograph  envelope  containing  seeds. 

c.  Classify  seed  images  on  radiograph  (see  section 
VI).  (Record;  columns  62-77) 


-r 


Step  1 6 

Count  any  remaining  second-year  aborted  ovules  and  add  to  num- 
ber previously  extracted  (step  10).  (Record;  columns  41-42) 


Step  1 7 

Determine  the  number  of  first-year  aborted  ovules  by  subtracting 
the  total  number  of  second-year  aborted  ovules  plus  the  total  num- 
ber of  developed  seeds  from  two  times  the  number  of  fertile  scales 
on  the  cone.  (Record;  columns  38-40)^ 


T 


Step  1 8 

Place  all  developed  seeds  in  germination  test  using  standard  ger- 
mination testing  procedures. 


T 


Step  19 

Summanzj  data  and  compute  important  seed  production  indicator 

values  (see  section  VII) 


^First-year  aborted  ovules  may  be  counted  as  the  scales  are  removed  by  observing  the  location  ot  the  scale  where  the  seed  is  produced  Scales  w 
first-year  aborted  ovules  do  not  have  the  depression  formed  in  the  scale  where  the  seed  was  located, 
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e  7. -(A)  Shortleaf  pine  cone  at  harvest.  (B)  Same  cone  with  lower  infertile  scales  removed.  Remaining  scales  are  all  fertile  except 
few  infertile  scales  at  the  cone  tip. 


igure  8. -Cone  scale  removal  Scale 
smoval  is  alternated  with  drilling  out 
hort  distances  of  the  cone  axis. 


^tv 


■''"•-^, 


'^■.. 
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VI.    CAUSES  OF  OVULE 
AND  SEED  LOSSES 


After  first-year  aborted  ovules  and  second-year  aborted  ovules  have  been  separated  from  developed  seeds,  the  cause: 
for  seed  losses  can  be  identified.  The  cause  for  abortion  of  an  ovule  often  must  be  inferred  from  the  time  at  which  abortior 
occurred  Developed  seeds  are  classified  by  the  appearance  of  the  embryo  and  gametophyte  tissue  on  a  radiograph  (fig.  91 
Classes  of  ovules  and  seeds  are  defined,  and  causes  for  losses  are  summarized  in  tabular  form  in  the  Appendix. 

FIRST-YEAR  ABORTED  OVULES 

There  are  two  causes  of  ovule  abortion  in  the  first  year  -  lack  of  pollen  and  seedbug  damage. 

Lack  of  viable  pollen.  -  Pollen  is  an  obvious  requirement  for  the  production  of  healthy  cones  and  viable  seeds  (Sarva 
1962)  For  production  of  viable  seeds,  two  pollination  requirements  must  be  met.  Pollen  must  be  available  when  femali 
flowers  are  receptive,  and  it  must  germinate  and  grow  into  the  ovule  tissue.  Female  flower  receptivity  begins  when  thi 
opening  between  the  scales  is  large  enough  for  pollen  to  enter  and  extends  from  a  few  days  to  more  than  a  week.  Once  thi 
sca'js  have  closed,  additional  pollen  cannot  enter  the  ovule  If  no  pollen  is  present  or  if  the  pollen  fails  to  germinate,  thi 
ovule  aborts  early  in  the  first  year  of  cone  development  (Bramlett  and  Johnson  1975;  McWilliam  1959:  Sarvas  1962). 

Seedbug  feeding.  -  Feeding  by  nymphs  of  the  leaffooted  pine  seedbug,  Leptoglossus  corculus  (Say),  often  causes  abof 
tion  of  a  high  percentage  of  ovules  (DeBarr  and  Kormanik  1 975:  DeBarr  and  Ebel  1 973:  DeBarr  and  others  1 975).  Ovule: 
destroyed  by  seedbugs  cannot  easily  be  distinguished  from  ovules  aborting  from  lack  of  pollen. 

Losses  to  seedbugs  can  be  estimated  by  protecting  some  cones  in  screened  cages  and  comparing  yields  of  protectee 
with  unprotected  cones.  With  this  technique,  the  impact  of  seedbugs  can  be  separated  from  losses  to  physiological  and  en 
vironmental  factors. 


Figure  9  -Classification  of  radiographic  images  of  developed  seeds    (A)  filled  (potentially  sound)  seeds:  (B)  mechanically  damages 
seeds:  (C  &  D)  malformed  seeds-C,  incomplete  gametophyte:  D,  distorted  embryo  (left):  missing  embryo  (right):  (continued) 
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{ continued). -{E}  damaged  by  seedbug:  (Fj  destroyed  by  seedworm:  (G)  destroyed  by  seed  cha/cid;  (H)  empty  seeds  and  (I  &  J) 
i  by  fungi. 
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SECOND-YEAR  ABORTED  OVULES 

Seedbug  feeding.  -  In  extensive  studies  of  shortleaf  (P.  echinata  Mill.)  and  loblolly  (P.  taeda  L)  pines  (DeBarr  19 
slash  pine  (P.  elliottii  Engeim.  var.  elliottiij  (DeBarr  and  others  1975),  and  Virginia  pine  (P.  virginiana  Mill.)  (Bramletl 
Moyer  1973),  second-year  ovule  abortion  has  clearly  been  shown  to  result  almost  entirely  from  feeding  by  the  leaffc 
pine  seedbug  in  early  summer  (fig  10)  These  ovules  appear  resinous,  collapsed,  or  necrotic  on  the  mature  cone  si 
(figs.  4B;  5C,  left;  and  5D,  right). 

Developmental  problems.  Some  ovules  stop  developing  dunng  the  second  year  after  they  have  developed  a  seedi 
These  "miniature  seeds"  may  be  only  slightly  larger  than  first-year  aborted  ovules  or  up  to  one-half  the  normal  sizi 
seeds  of  the  species.  These  are  all  empty.  The  cause  of  this  type  of  ovule  mortality  is  unknown,  but  it  apparently  re 
from  a  block  in  the  normal  developmental  sequence  prior  to  fertilization.  The  frequency  of  second-year  aborted  ovules 
to  developmental  problems  has  been  quite  low  in  production  seed  orchards. 

DEVELOPED  SEEDS 

Filled,  partially  filled,  and  empty  developed  seeds  are  readily  distinguishable  on  radiographs.  In  addition,  several  typi 
damage  can  be  identified  on  radiographs  (fig.  9). 


Figure  lO.-Diagram  of  a  cone  showing  how 
the  leaffooted  pine  seedbug  penetrates  alter- 
nate layers  of  cone  scales  and  seed  wings  to 
puncture  seeds  lying  along  the  cone  axis 
(From  DeBarr  1970) 


Filled  Seeds 

Filled  seeds  (potentially  sound  seeds)  are  those  that  have  healthy  undamaged  gametophyte  tissue,  a  normal  emi 
and  no  evidence  of  insect  or  fungal  damage.  These  seed  structures  are  readily  distinguished  on  a  radiograph  (fig 
Potentially  sound  seeds  may  be  mechanically  damaged  at  any  stage  of  extraction  (fig.  9B)  Since  the  primary  purpo! 
cone  analysis  is  to  judge  production  efficiency  in  the  seed  orchards,  mechanically  damaged  seeds  should  be  classe 
filled 


Partially  Filled  Seeds 

Seedbug.-Jhe  leaffooted  pine  seedbug  and  the  shieldbacked  pine  seedbug,  Tetyra  bipunctata  (H.-S),  feed  on  seo 
year  cones,  damaging  and  destroying  seeds  (DeBarr  1967).  Damage  to  fully  developed  seeds  can  often  be  identifiei 
radiographs  by  the  appearance  of  the  gametophyte  tissue  (DeBarr  1970).  Typical  seedbug  feeding  removes  irregu 
shaped  portions  of  gametophyte  tissue  (fig.  9E).  Extended  feeding  on  a  single  seed  often  removes  most  of  the  gametop 
tissue  and  embryo,  leaving  only  a  shriveled  remnant  in  the  seedcoat. 
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iworm.-JUree  species  of  seedworms,  Laspeyresia  spp.,  infest  seeds  of  the  southern  pines  (Ebel  and  others  1975). 
eedworm-damaged  seeds  generally  are  stuck  to  the  cone  scales  with  excrement  and  silk  webbing,  most  are  detec- 
counted  as  the  individual  cone  scales  are  dissected  during  cone  analysis  The  few  seeds  included  in  the  extracted 
are  easily  detected  on  the  radiograph  (fig.  9F).  Seedworm  larvae  are  not  present  in  the  seeds,  and  the  exit  holes  are 
he  gametophyte  tissue  has  been  replaced  by  larvel  excrement  and  boring  frass  that  looks  granular  on  the  radiograph 
3n  IS  formed  into  concentric  rings  (DeBarr  1 970). 

1  chalcid.  Pk  seed  infested  by  a  seed  chalcid,  Megastigmus  atedius  Walker,  lacks  gametophyte  tissue  and  contains  a 
arva  that  is  readily  visible  on  the  radiograph  (fig.  9G)  To  date,  the  only  pine  growing  in  the  Southern  United  States 
to  be  infested  by  this  seed  chalcid  Is  eastern  white  pine  (P.  strobus  L  )  (Speers  1 975) 

^/-Fungal  damage  is  recognizable  on  radiographs  as  (1)  cloudy  or  hazy  semicircular  areas  generally  at  the  margin  of 
netophyte  tissue  (fig.  91),  (2)  partial  to  complete  disorganization  of  both  the  gametophyte  and  embryonic  tissues  (fig. 
J  (3)  all  gametophyte  tissue  and  embryo  shrunken  or  "mummified  "  Fungal  damage  may  have  the  same  appearance 
need  seedbug  damage  on  the  radiograph.  Dissection  and  close  examination  of  infected  seeds  have  revealed  fungi  in 
letophyte  tissues,  embryo,  or  both.  The  mechanisms  of  fungal  penetration  are  not  known,  but  the  presence  of  fungi 
5  IS  known  to  reduce  the  germination  percentage  and  to  increase  damping-off  of  seedlings  (Miller  1 976) 
drmed  seeds.-Seeds  with  incomplete  embryos,  distorted  embryos,  or  incomplete  gametophytes  are  classed  as 
ned.  Missing  or  malformed  embryos  show  up  clearly  on  radiographs  (fig.  9C  and  D)  These  malformations  have 
Dgical  causes.  In  some  malformed  seeds,  the  gametophyte  tisse  does  not  completely  fill  the  seedcoat  and  no  inter- 
jct,  disease,  or  mechanical  damage  is  evident  (fig.  9C).  In  these  seeds,  approximately  one-half  to  three-quarters  of 
mal  amount  of  gametophyte  tissue  is  normally  present  Seeds  with  incomplete  gametophytes  occur  in  cones  har- 
before  maturity.  Malformed  seeds  occur  at  a  low  frequency  in  most  lots  and  rarely  exceed  1  to  2  percent  for  most 


Empty  Seeds 

ds  that  contain  only  a  remnant  of  gametophyte  or  embryo  tissue  (fig.  9H)  are  classed  as  empty  In  the  trade,  empty 
rn  pine  seeds  are  often  called  "pops."  There  are  two  known  causes  of  empty  seeds.  First,  each  pine  parent  carries 
Bcessive  lethal  genes  (Bramlett  and  Pepper  1974:  Franklin  1969).  When  two  recessive  lethal  genes  for  the  same 
J  present,  the  embryo  dies  and  the  gametophyte  tissue  does  not  develop.  The  result  is  an  empty  seedcoat  with  only 
ant  of  the  dead  embryo  present.  Second,  seedbug  feeding  during  the  early  stages  of  embryo  and  gametophyte 
3ment  will  produce  a  completely  empty  seedcoat  The  gametophyte  tissue  is  completely  destroyed  by  digestive  en- 
of  the  insect. 


SUMMARIZING  DATA 


nterpret  the  information  obtained  from  the  cone  analysis,  the  data  must  be  summarized.  The  summary  should  be 
ed  according  to  trees,  clones,  or  other  categories  of  interest.  For  the  following  items,  a  numencal  average  can  be 
ted: 


;one  opening  (CO)  Filled  seeds  (FL) 

,ength(LT)  Malformed  seeds  (MS) 

.ower  infertile  scales  (LI)  Seedbug-damaged  seeds  (SB) 
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Upper  infertile  scales  (Ul) 
Fertile  scales  (FS) 
First-year  aborted  ovules  (A1) 
Second-year  aborted  ovules  (A2) 
Extracted  seeds  (ES) 


Seedworm-destroyed  seeds  (SW) 
Seed  chalcid-destroyed  seeds  (SC) 
Fungal-damaged  seeds  (FN) 
Empty  seeds  (EM) 
Germinating  number  of  seeds  (GN) 


From  the  basic  summary  of  the  raw  data,  the  key  indicators  of  seed  performance  are  calculated  as  shown  below.  ^ 
bers  in  parentheses  are  the  columns  on  the  suggested  data  form  in  the  Appendix. 


Indicator 
1.  Seed  potential  (SP)  =  2  x  Fertile  scales  orlx  (34-36) 


Computation 


2.  Total    developed    seeds    (TS)     =    Seedbug-damaged    seeds    +    seedworm-destroyed    seeds    +  sf 

chalcid-destroyed  seeds  +  fungal-damaged  seeds  +  malformed  seeds  +  empty  seeds  +  filled  seeds 
.(46-47  and  62-63)  +  (48-49  and  64-65)  +  (50-51  and  66-67)  +  (52-53  and  68-69)  +  (54-55  and  70-; 
+  (56-58  and  72-74)  +  (59-61  and  75-77) 

3.  Percent  developed  seeds  =  Total  developed  seeds  ^^  iqO  or^  x  100 

Seed  potential  SP 


4.  Percent  filled  seeds  = 


Filled  seeds 


.  X  100  or  (59-61  and  75-77)  ^  ^qq 
Total  developed  seeds  TS 


5.  Percent  known  insect- damaged  seeds  = 

Seedbug-damaged  seeds  +  seedworm-destroyed  seeds  + 

seed  chalcid-destroyed  seeds ^  Iqq  ^^ 

Total  developed  seeds 

(46-47  and  62-63)  +  (48-49  and  64-65)  +  (50-51  and  66-67)  ^  mn 

TS 

6.  Percent  malformed  seeds  Malformed  seeds      ^  -jqq  ^^  (54-55  and  70-71)  ^  lOO 

Total  developed  seeds  TS 

7.  Percent  fungal-damaged  seeds  =  Fungal-damaged  seeds     ino  or  (52-53  and  68-69)  ^^  ■\qq 

Total  developed  seeds  TS 

8.  Percent  first-year  aborted  ovules  =  First-year  aborted  ovules     ^qq       (38-40)  ^  ^qq 

Seed  potential  SP 

9.  Percent  second-year  aborted  ovules  =  Second-year  aborted  ovules  ^  -joO  or  (^^'^^)  x  100 

Seed  potential  SP 

10.  Seed  efficiency  (SE)  ^  Total  filled  seeds  ^^  (59-61  and  75-77)  ^  ^qo 

Seed  potential  SP 


r»      ^^ 


■taction  efficiency  (EE)  = 

ocedure  A:  Extracted  developed  seeds  ^^  (43-45)      iqq 

Total  developed  seeds  TS  ^ 

ocedure  B:  Extracted  filled  seeds  (59-61)  x  100 

Total  filled  seeds  (59-61  and  75-77) 

mination  percentage  (GP)  = 

ocedure  A:  Germinated  seeds  ^  iqO  or  (78-80)  x  100 

Total  filled  seeds  (59-61  and  75-77) 

ocedure  B:      Germinated  seeds      ^  100  or  ^^^'^Q)  x  100 
Extracted  filled  seeds  (59-61) 

dling  efficiency  =  Seed  efficiency  x  Extraction  efficiency  x  Germination  percentage      SE  x  EE  x  GP 

10,000  10,000 


I.    DATA  INTERPRETATION 
AND  UTILITY 


Durpose  of  cone  analysis  is  to  evaluate  seed  production  and  to  identify  when  and  why  potential  seeds  are  lost.  Table 
s  typical  values  for  key  indicators  in  a  well-managed  seed  orchard.  It  also  shows  values  that  may  indicate  need  for 
je  action. 

seed  potential  defines  the  biological  limit  for  the  number  of  seeds  produced  by  each  cone.  Thus,  each  tree  species 
average  seed  potential  and  a  range  of  observed  values  based  upon  the  number  of  fertile  scales  per  cone.  For  exam- 
seed  potential  for  cones  from  a  slash  pine  seed  orchard  averaged  1 70.  Loblolly  pines  had  an  average  seed  potential 
and  Virginia  and  shortleaf  pines  had  averages  of  88  and  87  (Bramlett  1 974).  Variation  in  seed  potential  is  relatively 
'ithin  specific  clones.  Seed  potentials  in  a  given  orchard,  however,  may  differ  from  the  average  for  the  species, 
ng  on  the  particular  clones  in  the  sample. 

ted  ovules  are  potential  seeds  that  die  before  the  formation  of  a  normal  seedcoat.  For  all  the  southern  pines,  ovule 
1  can  be  a  serious  cause  of  low  seed  yields.  The  two  known  causes  of  first-year  aborted  ovules  (lack  of  pollen  and 
3  damage)  are  influenced  by  the  orchard  age.  In  young  orchards,  female  flowering  of  many  clones  usually  begins 
male  catkin  production  is  adequate  to  ensure  complete  pollination.  Unless  there  is  a  supply  of  pollen  from  sur- 
g  stands,  many  ovules  die  within  2  months  from  lack  of  viable  pollen.  In  contrast,  older  seed  orchards  have  an 
It  pollen  supply  but  also  often  have  large  seedbug  populations  that  cause  extensive  first-year  ovule  abortion  in  un- 
id  conelets.  Conclusive  separation  of  insect  from  pollination  problems  requires  companson  of  full  seed  yields  from 
/ith  and  without  screened  cages  that  exclude  insects. 

ind-year  aborted  ovules  are,  for  practical  purposes,  a  direct  indication  of  seedbug  feeding.  Other  agents  seldom 
econd-year  abortions  exceeding  1  to  2  percent  of  the  seed  potential.  Second-year  ovule  abortion  may  reach  50  per- 
Jt  seedbug  control  may  be  warranted  when  the  loss  approaches  10  percent  of  the  seed  potential.  To  prevent 
year  ovule  abortion,  insecticide  applications  must  be  timed  to  reduce  populations  of  leaffooted  pine  seedbugs  dur- 
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ing  the  spring  when  the  conelets  are  rapidly  enlarging  to  full-sized  cones.  Seedbug  feeding  on  full-sized  cones  cat 
empty  or  damaged  seeds  rather  than  aborted  ovules. 

Total  developed  seed  is  simply  the  number  of  normal,  full-sized  seeds  in  each  cone  Obviously,  the  orchard  mani 
strives  to  maximize  developed  seed  production  With  adequate  pollination  and  effective  insect  control,  the  developed  s 
yields  should  approach  80  to  90  percent  of  the  seed  potential 

Yields  of  developed  seeds  are  meaningless  without  considering  seed  quality  Using  radiography,  the  actual  numb( 
filled  seeds  per  cone  is  determined.  Then  seed  efficiency  is  expressed  as  the  ratio  of  filled  to  potential  seed.  Thus,  seec 
ficiency  measures  the  productivity  of  a  cone  in  relation  to  its  biological  capacity  The  average  seed  efficiency  for  a  don 
an  orchard  is  the  single  most  important  measure  of  seed  production  It  can  be  used  to  compare  the  relative  performanc 
two  pine  species  with  different  seed  potentials.  For  example,  if  a  shortleaf  pine  produces  an  average  of  45  filled  seeds 
of  a  potential  of  90,  the  seed  efficiency  would  be  50  percent  However,  45  filled  seeds  in  a  slash  pine  cone  with  a  pote 
of  1 80  indicates  a  seed  efficiency  of  only  25  percent. 


Cone  characteristic  and 
threshold  level  (percent)  ^ 


TABLE  1.  -  KEY  INDICATORS  FOR  DATA  INTERPRETATION 


Interpretation 


1.  First-year  aborted  ovules 

0  10 
11  19 
20+ 

2.  Second-year  aborted  ovules 

0-5 
6-9 
10  + 

3.  Percent  filled  seeds 

85+ 
50  84 
Below  50 

4.  Insect  damaged  seeds 

0  10 

11-19 

20+ 

5.  Seed  efficiency 

55+ 
35  54 
Below  35 

6.  Extraction  efficiency 

90+ 
Below  90 

7.  Germination  percentage 

90+ 
8089 
Below  80 

8  Seedling  efficiency 
50+ 
2649 
Below  25 


Good  management  practice 

Evaluate  possible  insect  or  pollination  problems 

Identify  and  correct  insect  or  pollination  problems 

Good  management  practice 
Evaluate  seedbug  control  program 
Increase  seedbug  control 

Good  management  practice 

Evaluate  possible  seedbug  or  inbreeding  probltms 

Identify  and  correct  seedbug  or  inbreeding  problems 

Good  management  practice 

Evaluate  insect  problem  and  control  program 

Improve  or  increase  control  program 

Good  management  practice 
Evaluate  causes  of  seed  loss 
Identify  causes  of  seed  loss  and  begin  correction 

Good  management  practice 

Identify  and  correct  improper  conditions  or  immature  cone  collections 

Good  management  practice 

Identify  cause  (May  be:  undetected  seedbug  damage  or  mishandling  of  seed) 
Identify  and  correct  problem  (May  be:  improper  germination,  undetected 
seedbug  damage,  mishandling  of  seed) 

Good  management  practice 

Identify  cause  -  poor  germination,  immature  cones 

Identify  and  correct  cause 


1  Each  organization  may  wish  to  modify  these  thresholds  to  meet  its  targets. 
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biological  maximum  for  seed  efficiency  may  be  as  high  as  80  percent  for  individual  dones,  but  values  this  high  are 
observed  under  seed-orchard  conditions   Seed  efficiencies  greater  than  70  percent  have  occurred  when  screen- 
ges  were  used  to  protect  slash  pine  cones  from  insects  (DeBarr  and  others  1 975) 

d  efficiency  values  of  35  to  54  percent  indicate  that  some  potential  seeds  are  being  lost.  Yields  could  be  increased 
tifying  the  specific  causes  of  seed  losses  and  prescribing  corrective  procedures  within  economic  constraints.  Seed 
cies  of  less  than  35  percent  indicate  excessive  losses.  The  causes  should  be  identified  and  the  problems  corrected 
1  as  possible 

eloped  seeds  not  classified  as  "filled"  are  worthless.  Thus,  filled  seed  percentage  simply  expresses  the  ratio  of  filled 
loped  seeds  Filled  seed  percentages  seldom  exceed  90  percent  in  commercial  operations,  but  greater  values  have 
sported  with  controlled  pollinations  or  effective  seedbug  control  (Bramlett  and  Pepper  1974:  Merkel  and  others 
Wind-pollinated  cones  from  orchards  should  average  85  percent  or  more  filled  seeds  Lower  values  indicate  losses 
!  or  all  of  the  classes  identified  from  the  radiographs.  Individual-loss  classes  exceeding  1 0  percent  warrant  corrective 
es. 

cts,  particularly  seedbugs,  destroy  a  large  percentage  of  the  developed  seeds  In  cone  analysis,  losses  are  attributed 
LJbugs,  seedworms,  and  seed  chalcids.  Usually,  some  seeds  classed  as  "empty"  are  also  the  result  of  seedbug 
i  Therefore,  as  recognized  seedbug  losses  increase,  the  number  of  empty  seeds  often  rises  (DeBarr  1974b;  DeBarr 
el  1973). 

formed  seed  losses  (incomplete  gametophyte  tissue,  distorted  embryo,  missing  embryo)  seldom  exceed  10  percent 
developed  seeds  in  well-managed  orchards  Incomplete  gametophytes  apparently  result  from  retarded  development 
equate  nutrition.  Cones  collected  before  maturity  produce  seeds  with  incomplete  gametophytes  Malformed  seeds 
1  sample  lots  at  such  low  frequencies  that  these  types  of  losses  are  of  only  minor  importance, 
gus  damage  to  southern  pine  seeds  has  only  recently  been  recognized  as  a  potential  problem  The  importance  of 
damage  is  undetermined  Part  or  all  of  the  seeds  from  cones  with  external  symptoms  of  fungal  damage  may  be  in- 
by  fungi  Corrective  measures  are  not  yet  available  to  prevent  seed  destruction  by  ffingi 

causes  of  empty  seeds  are  difficult  to  identify    Lethal  genes  in  the  embryo,  seedbugs,  and  possibly  fungi  cause 

seeds.  In  wind-pollinated  seeds  from  an  orchard,  as  many  as  1  5  percent  of  the  developed  seeds  may  be  empty.  This 

vould  reflect  some  effects  of  self-pollination  within  the  clones  in  the  orchard  (Kraus  1975):  the  proportion  of  empty 

s  normally  high  after  self-pollination.  Lethal  genes  in  embryos  cannot  be  eliminated  easily  This  genetically  controlled 

minimizes  inbreeding  and  favors  outcrossing  in  pines. 

ore  than  1  5  percent  of  the  developed  seeds  are  empty,  seedbug  damage  should  be  suspected  and  control  programs 
be  reevaluated  Seedbug  damage  can  be  reduced  with  insecticides 

action  efficiency  measures  the  ease  with  which  developed  seeds  are  removed  from  the  cones.  It  is  the  percentage  of 
Ded  seeds  extracted  by  kiln  or  air-drying  the  cones  It  should  be  noted  that  this  extraction  is  done  in  a  laboratory  - 
e  results  are  not  necessarily  the  same  as  would  be  obtained  by  commercial  extraction  Percentages  below  90  in- 
Door  extraction  technique  or  immature  cones 

mination  percentage  measures  the  viability  of  seeds  classified  as  "filled"  (potentially  sound)  This  value  normally 
es  90  percent  or  better  Lower  germination  percentages  may  indicate  improper  classification  of  some  seeds  in  the 
wan  and  DeBarr  1974)  Germination  percentages  are  useful  for  companng  the  viability  of  collections  from  different 
r  from  subsequent  years 

dling  efficiency  is  simply  the  product  of  the  three  efficiency  values  -  seed  efficiency,  extraction  efficiency,  and  ger- 
Dn  percentage.  It  reflects  the  total  yields  of  the  cone,  seed,  and  seedling  crops  from  the  orchard.  If  any  one  of  the  ef- 
/  values  IS  low,  the  overall  efficiency  of  the  orchard  is  reduced  A  maximum  realistic  goal  for  production  orchards  is  a 
g  efficiency  of  about  55  percent.  Such  would  be  the  case  if  seed  efficiency  =  70  percent,  extraction  efficiency  =  90 
t,  and  germination  percentage  =  90  percent 

e  analysis  does  not  estimate  all  seed  losses,  it  only  measures  seed  losses  from  sun/iving  cones  Cone  losses  from 
le  of  flower  initiation  to  cone  maturity  are  not  considered.  Often  50  percent  or  more  of  the  seed  crop  is  lost  during 
nod  By  combining  cone  crop  life  tables  with  cone  analysis,  the  total  seed  production  for  an  orchard  can  be  evaluated 
ger  1  975:  DeBarr  and  Barber  1  975:  Bramlett  1 972a:  Ebel  and  Yates  1 974). 
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IX.    FOR  ADDITIONAL  INFORMATION 


For  help  with  known  insect  problems  or  assistance  in  identifying  insect  problems,  contact: 


STATE  FOREST  ENTOMOLOGIST 

Alabama  Forestry  Commission 
513  Madison  Ave. 
Montgomery,  AL  36104 
205/832-5897 

Arkansas  Forestry  Commission 
3821  W.  Roosevelt  Rd. 
Little  Rock,  AR  72204 
501/371-1736 

Florida  Division  of  Forestry 
Collins  Building 
Tallahassee,  FL  32304 
904/488-7936 

Georgia  Forestry  Commission 
PO.  Box  819 
Macon,  GA  31202 
912/744-3241 

Kentucky  Division  of  Forestry 
207  Holmes  St. 
Frankfort,  KY  40601 
502/564-4496 


Louisiana  Forestry  Commission 

P.O.  Box  1628 

Baton  Rouge,  LA  70721 

504/389-7121 

Mississippi  Forestry  Commission 
908  Robert  E.  Lee  Building 
Jackson,  MS  39201 
601/354-7124 

N.C.  Dep.  of  Natural  Resources 
P.O.  Box  27687 
Raleigh,  NC  27611 
919/733-4141 

Oklahoma  Forestry  Division 
Capitol  Building 
Oklahoma  City,  OK  73105 
405/521-3886 

S.C.  State  Commission  of  Forestry 
P.O.  Box  2 1707 
Columbia,  SC  29202 
803/758-2261 


Tennessee  Division  of  Forestr 
2611  West  End  Ave. 
Nashville,  TN  37203 
615/741-3326 


Texas  Forest  Service 
P.O.  Box  310 
Lufkin.TX  75901 
713/632-7761 


I 


Virginia  Division  of  Forestry 
P.O.  Box  3758 
Charlottesville,  VA  22903 
804/977-6555 


FOREST  INSECT  AND  DISEASE  MANAGEMENT  ZONE  OFFICE 


Forest  Insect  &  Disease  Management 
Seed  Orchard  and -Nursery  Insects 
PO  Box  5895 
Asheville,  NC  28803 
704/258-2850x625 


Forest  Insect  &  Disease  Management 
Seed  Orchard  and  Nursery  Insects 
2500  Shreveport  Highway 
Pineville,  LA  71360 
318/445-6511 


For  questions  on  the  use  of  pesticides,  consult; 

Pesticide  Specialist 

Resource  Protection 

Suite  706 

1720PeachtreeRd.,NW 

Atlanta,  GA  30309 

404/881-3734 

For  further  information  on  cone  analysis  or  on  the  service  supplied,  contact: 

Eastern  Tree  Seed  Laboratory 

PO  Box  819 

Macon,  GA  3 1202 

912/744-3311 
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GLOSSARY 


of  the  definitions  given  below  are  based  on  those  in  the  "Glossary  for  Forest  Tree  Improvement  Workers"  (Snyder  1972)  and 
)f  Woody  Plants  in  the  United  States  '  (USDA  Forest  Service  1974) 

ED  OVULE; 

■-YEAR:  Any  potential  seed  that  aborts  (ceases  development)  during  the  first  growing  season  or  conelet  stage  of  pine  seed 

iction 

)ND-YEAR;  Any  potential  seed  that  aborts  (ceases  development)  during  the  second  growing  season  before  fertilization  or  seed- 

lardening 

GONIUM:  Female  sex  organ  in  the  ovule  of  pine 

J:  The  male  strobilus  which  produces  pollen 

;  Group  of  genetically  identical  plants  produced  by  vegetatively  propagating  a  single  plant  over  one  or  more  generations:  ac- 

led  by  grafting,  rooting,  air-layering,  or  tissue  culture  Compare  ortet,  ramet 

The  female  reproductive  structure  of  pines,  consisting  of  a  central  axis  supporting  bracts,  each  of  which  subtends  a  scale  bear- 

d  seeds 

ANALYSIS:  A  systematic  procedure  to  evaluate  the  seed  production  potential  and  efficiency  of  pine  cones. 

\X\S:  Central  core  of  the  cone 

ET:  Immature  female  cone  of  pines  from  time  of  female  "flower"  scale  closure  after  pollination  until  the  initiation  of  rapid 

Tient  of  the  cone  a  few  months  before  maturity 

EDONS:  First  leaves  developed  in  the  embryo  of  a  seed.  They  become  functional  leaves  after  germination,  immature  leaves 

E  CONE:  See  cone 

E  FLOWER:  The  pine  female  strobilus  (cone)  prior  to  pollination 

E  SCALE:  A  cone  scale  that  is  capable  of  producing  seed:  generally  includes  most  scales  in  the  upper  one-half  to  two-thirds  of 

[• 

IZATION:  The  union  of  the  egg  (IN)  within  the  ovule  and  the  sperm  (IN)  from  the  pollen  tube  to  form  the  embryo  (2N) 
SEED  (POTENTIALLY  SOUND):  Mature  ovule  containing  an  embryo  and  nutritive  tissue  enclosed  in  layers  of  protective  tissue 
at):  capable  under  suitable  conditions  of  development  into  a  plant  similar  to  the  one  that  produced  it 
rOPHYTE  TISSUE:  Haploid  matenal  (1  N)  surrounding  the  embryo:  provides  nutritional  reserves  for  the  seed  of  pine. 
NATION:  Sufficient  development  of  plant  parts  from  a  seed  to  indicate  a  potential  for  developing  into  a  normal  plant. 
lOTYL:  All  of  the  axis  of  an  embryo  or  stem  of  a  seedling  between  the  cotyledons  and  the  radicle,  an  immature  stem. 
"ILE  SCALE:  A  pine  cone  scale  incapable  of  producing  seed:  located  at  the  base  and  apex  of  the  cone 
JMENT:  A  single  layer  of  tissue  enclosing  the  pine  ovule  and  nucellus  After  fertilization,  it  develops  into  the  seedcoat 
iPYLE:  Small  opening  in  the  integument  of  an  ovule  through  which  the  pollen  gram  normally  passes  to  reach  the  pollen  cham- 

LUS:  Mass  of  thin-walled  cells  that  composes  the  central  and  mam  part  of  the  body  of  an  ovule,  it  is  surrounded  by  the  integu- 

:  A  female  structure  which  contains  an  egg  cell  and  develops  into  a  seed. 

VI  GRAIN:  The  winged  male  fertilizing  structure 

M  TUBE:  An  elongate  outgrowth  of  the  germinating  pollen  gram 

lATION:  The  transfer  of  pollen  to  the  receptive  female  flower 

TIALLY  SOUND  SEED:  Seed  filled  with  apparently  undamaged  tissue  on  which  viability  has  not  been  tested 

LE:  Portion  of  the  axis  of  an  embryo  from  which  the  root  develops:  immature  root 

f:  Independent  member  of  a  clone 

"In  conifers"  the  structure  formed  after  fertilization:  initially  consists  of  seedcoat,  embryo,  and  gametophyte  storage  tissue 

OAT:  Protective  layer  on  a  seed  derived  from  an  integument 

DRCHARD:   A  plantation  consisting  of  clones  or  seedlings  from  selected  trees  and  cultured  for  early  and  abundant  seed 

ion, 

'OTENTIAL:  Two  times  the  number  of  fertile  cone  scales  or  the  maximum  number  of  seeds  a  cone  is  capable  of  producing 

ilLUS:  Male  or  female  fruiting  body  of  pines. 
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XII.    APPENDIX 


CONE  ANALYSIS  DATA  CARD  CODING  AND  COLUMN  NUMBERS 
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PREFACE 


In  May,  1975,  a  symposium  was  conducted  in 
Tucson,  Arizona, on  the  management  of  forest  and 
range  habitats  for  nongame  birds.   That  landmark 
meeting  opened  a  dialog  between  avian  ecologists 
and  resource  managers.   It  was  widely  agreed,  that 
both  groups  benefitted  each  other,  and  that  a 
series  of  regional  workshops  should  be  held. 
The  objective  of  the  series  would  be  to  insure 
that  nongame  bird  habitat  requirements  are  con- 
sidered in  significant  land  management  practices, 
and  that  a  diversity  of  natural  biological 
communities  are  maintained. 

To  that  end,  the  National  Nongame  Bird 
Steering  Committee  was  formed  to  sponsor  regional 
workshops  to  present  the  state  of  the  art  of  non- 
game  bird  research  and  management  in  various  eco- 
regions  of  the  United  States.   The  first  workshop 
in  the  series  was  held  in  Portland,  Oregon,  Feb- 
ruary 7-9,  1977,  entitled,  "Nongame  Bird  Habitat 
Management  in  the  Coniferous  Forests  of  the 
Western  United  States". 

This  workshop,  "Management  of  Southern 
Forests  for  Nongame  Birds",  is  the  second  in  the 


series,  and  presents  bird  habitat  research 
results  and  management  techniques  for  all  major 
habitat  types  in  the  southern  and  southeastern 
United  States.   This  workshop  is  jointly  hosted 
by  the  USDA-Forest  Service — the  Southern  Region; 
Southeastern  Area,  State  and  Private  Forestry; 
Southeastern  Forest  Experiment  Station;  and  the 
Southern  Forest  Experiment  Station. 

The  Forest  Service  was  joined  by  the 
National  Nongame  Bird  Steering  Committee  in 
sponsoring  this  workshop.   Its  members  include: 

Forest  Service,  USDA 
Soil  Conservation  Service,  USDA 
Fish  and  Wildlife  Service,  USDI 
Bureau  of  Land  Management,  USDI 
National  Wildlife  Federation 
The  Wildlife  Society 
Wildlife  Management  Institute 
National  Audubon  Society 
International  Association  of  Wildlife 
Conservation  Agencies 
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Management  of  Nongame  Wildlife— A  Need  Whose  Time  Has  Come^ 


Michael   D.    Zagata 
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Aldo  Leopold  and  other  early  workers  in 
the  profession  of  wildlife  management  recog- 
nized the  theoretical  value  of  considering 
whole  communities  when  making  management  deci- 
sions by  coining  the  often  used  adage:   "As 
the  community  goes,  so  goes  the  species." 
However,  in  practive  the  needs  of  game  spe- 
cies have  generally  been  the  only  needs  con- 
sidered or  have  taken  priority.   Grange 
(1949)  outlined  the  wildlife  species  associ- 
ated with  various  successional  stages  for  a 
white  pine  climax  in  Wisconsin.   The  know- 
ledge that  the  habitat  for  great-horned  owls 
would  be  lost  by  setting  back  succession  to 
benefit  prairie  chickens  had  little  conse- 
quence. 

Are  we,  as  professional  managers,  to  be 
faulted  for  this?   Some  say  yes  and  some  say 
no.   Those  who  say  yes  feel  that  wildlife 
management  should  consist  of  the  application 
of  ecological  principles  that  perpetuate  a 
desired  diversity.   They  recognize  that  wild- 
life in  general  has  ecological,  economic, 
educational,  esthetic,  historical,  recrea- 
tional and  scientific  value  to  the  Nation  and 
its  citizens.   They  feel  that  emphasis  on 
game  species  has  preempted  a  consideration  of 
management  programs  for  the  nonhunted  spe- 
cies. 

Those  who  say  no  look  to  the  sources  of 
funding  for  our  nation's  wildlife  management 
programs,  and  point  out  that  it  is  the  hunter 
who  has  paid  the  bill.   In  addition, they 
stress  that  game  management  also  indirectly 
benefits  some  nongame  wildlife. 

At  this  point  the  meaningful  discus- 
sions begin  to  take  place  with  the  recogni- 
tion that  any  management  action  benefits  some 
species  and  adversely  impacts  others.   The 
formerly  familiar  blanket  statement  that 
"good  forest  management  is  good  wildlife  man- 
agement" illustrates  the  folly  of  a  simplis- 
tic, single  species  approach  to  wildlife 


—  Keynote  address  at  the  Workshop  on 
Nongame  Birds  in  Southern  Forests,  Atlanta, 
Georgia,  January  24-26,  1978. 

2/ 

—  Director  of  Federal  Relations, 

National  Audubon  Society,  1511  K  Stir;et,  N.W. 
Washington,  D.C.  20005. 


management  in  today's  world.   We  now  recog- 
nize the  importance  of  treating  wildlife 
and  other  resources  as  part  of  an  inter- 
related system. 

It  is  because  of  the  public's 
increased  knowledge  of  these  interrela- 
tionships that  we  have  been  prodded  into 
giving  greater  emphasis  to  the  nongame 
species.   The  habitat  manipulations  we 
have  made  for  the  benefit  of  game  species 
affected  other  species  directly  or  indi- 
rectly, positively  or  negatively. 
Because  different  wildlife  species  are  of 
value  to  different  groups  in  our  society, 
concentration  on  one  species  to  the  detri- 
ment of  others  is  likely  to,  and  in  fact 
has,  alienate   those  whose  interests  have 
been  ignored  or  negatively  impacted. 

Because  of  a  greater  recognition  of 
the  value  of  all  wildlife  to  mankind  by 
the  wildlife  professionals  and  the 
public,  specific  legislation  to  benefit 
nongame  wildlife  has  been  enacted.   Exam- 
ples include  the  Endangered  Species  Act, 
the  Marine  Mammals  Protection  Act,  and  the 
Wild  and  Free  Roaming  Horses  and  Burros 
Act.   They  suffer  the  same  narrow  focus  as 
our  earlier  game  programs  and  are  defen- 
sive actions.   They  do,  however,  serve  to 
point  out  two  important  factors:   (1)  the 
public  is  concerned  about  wildlife  for 
wildlife's  sake;  and  (2)  the  public  can 
limit  the  professional's  ability  to  employ 
sound  ecological  principles  to  manage  a 
species,  e.g..  Wild  and  Free  Roaming 
Horses  and  Burros  Act.   In  addition,  the 
Endangered  Species  Act  and  Marine  Mammal 
Protection  Act  have  illuminated  our  lack  of 
basic  knowledge  about  the  ecological 
requirements  of  most  listed  species. 

The  reluctance  of  the  professional  to 
act  on  behalf  of  the  public  has  prompted 
concerned,  well-intentioned  citizens  to 
draft  legislation  that  would  mandate  cer- 
tain actions  on  behalf  of  wildlife.   On  the 
surface  this  sounds  good  to  those  of  us  who 
have  fought  the  upward  battle  to  gain  recog- 
nition for  the  value  of  game,  as  well  as 
nongame,  wildlife.   However,  there  is  a 
real  danger  in  this  as  was  evidenced  in  a 
1976  Senate  bill  entitled  "The  National 


Forest  Timber  Management  Reform  Act  of  1976" 
(S.  2926).   The  bill  contained  many  "carrots" 
for  those  concerned  with  wildlife  but  could 
have  tied  the  hands  of  the  professional  to 
exercise  his  skills. 

The  factors  I  have  alluded  to  have  set 
the  stase  for  the  title  of  this  talk: 
"Management  of  Nongame  Wildlife  -  A  Need 
Whose  Time  Has  Come."   In  a  1972  survey  of 
households  in  the  southeastern  United  States, 
nonconsumptive  values  of  fish  and  wildlife 
were  found  to  be  greater  ($12.3  billion) 
than  combined  fishing  and  hunting  values 
($11.8  billion).   Results  of  a  1975  survey  by 
the  U.S.  Fish  and  Wildlife  Service  encompass- 
ing all  50  states  indicated  that  one-half  of 
those  persons  9  years  of  age  and  older  who 
participated  in  nonconsumptive  fish  and 
wildlife-related  activities  also  hunted, 
fished  or  did  both.   Membership  in  the 
National  Audubon  Society  has  grown  from 
41,000  in  1963  to  over  400,000  today.   In 
1976,  Missouri  voters  passed  a  referendum 
for  a  constitutional  amendment  to  add  a  one- 
eighth  of  one  percent  sales  tax  for  conser- 
vation that  is  expected  to  generate  about 
$26  million  in  1978  alone.   Citizens  in 
Washington,  Colorado  and  New  York  have  also 
gone  on  record  in  support  of  nongame  pro- 
grams that  would  include  some  or  all  of  the 
following:   (1)  preserve  vulnerable  species; 

(2)  establish  wildlife  observation  areas; 

(3)  inventory  wildlife;  (4)  provide  for  man- 
agement; (5)  develop  wildlife  education  mate- 
rial. 

What  I  am  saying  is  that  there  is  a 
very  solid  base  of  support  for  nongame  man- 
agement and  that  the  professional  community 
should  take  the  lead  and  not  have  to  be 
pushed  into  converting  that  support  into  a 
program  for  the  management  of  wildlife  by 
considering  whole  communities.   The  message 
is  clear;  if  we  don't,  it  will  happen  in 
spite  of  us.   As  professionals,  we  can  not 
allow  that  to  happen. 

Because  of  the  wave  of  public  interest 
in  wildlife.  Congress  has  provided  the  man- 
date, or  as  I  view  it  the  opportunity,  to 
make  major  strides  in  our  knowledge  of  wild- 
life, game  and  nongame  alike.   The  Forest 
and  Rangeland  Renewable  Resources  Planning 
Act  of  1974  (RPA),  The  National  Forest  Man- 
agement Act  of  1976,  and  the  Land  and  Water 
Resources  Act  of  1977  afford  us  great  oppor- 
tunity to  assess  our  fish  and  wildlife 
resource.   Such  an  assessment,  combined  with 
greater  knowledge  of  community  associations, 
will  permit  us  to  base  management  decisions 
on  sound  data  and  expand  our  knowledge  of 
the  impacts  to  be  expected  from  man-induced 
or  natural  environmental  pertubations. 
Those  of  you  familiar  with  the  RPA  process 


know,  however,  that  we  are  a  long  way  from 
having  the  necessary  wildlife  data  to  make 
the  kind  of  decisions  an  ever- increasing 
segment  of  the  public  is  asking  us  to  make. 

From  a  selfish  standpoint,  we  can  look 
to  the  increased  funding  and  personnel  ceil- 
ings that  have  and  will  accompany  this 
increased  interest  in  and  concern  for  wild- 
life.  All  that  glitters  is  not  gold,  how- 
ever, because  the  scope  of  our  task  will 
probably  increase  at  a  greater  rate  than 
the  resources  needed  to  do  the  job.   There 
are  3,699  vertebrate  species  in  the  United 
States  and  an  average  of  748  species  in 
each  state.   An  average  of  125  species  per 
state  may  now  be  taken  legally  at  pre- 
scribed places  and  times  for  commercial, 
control  and  recreational  purposes.   A  sur- 
vey by  the  U.S.  Fish  and  Wildlife  Service 
showed  that  the  states  want  to  give  atten- 
tion to  an  average  of  279  fish  and  wild- 
life species  in  each  state.   It  is  clear 
that  traditional  funding  sources  are  not 
adequate  to  do  the  job  if  we  are  going  to 
be  aggressive  in  recognizing  the  needs  of 
nongame  wildlife.   In  addition,  we  will 
need  to  develop  techniques  for  defining 
habitat  requirements  like  the  one  developed 
in  the  Pacific  Northwest  which  relates 
wildlife-timber  relationships  to  timber- 
management  activities.   The  result  was  the 
ability  to  predict  that  "if  I  do  this,  I 
can  expect  to  get  that." 

I  have  discussed  briefly  the  history, 
need  and  justification  for  an  expanded 
program  of  wildlife  management  that  would 
include  nongame  and  game  species.   The 
question  is,  how  do  we  establish  a  pro- 
gram to  fund  nongame  wildlife  research  and 
management  when  we  can't  completely  fund 
the  existing  game  management  programs? 

The  "Federal  Aid  In  Nongame  Fish  and 
Wildlife  Conservation  Act  of  1977"(S.  1140) 
was  introduced  by  Senator  Gary  Hart 
(Colorado)  and  eighteen  co-sponsors  on 
March  28,  1977.   During  hearings  held  on 
S.  1140  on  August  3,  1977,  a  strong  record 
of  support  was  compiled  for  the  concept  of 
a  nongame  bill. 

On  July  28,  1977,  Mr.  Forsythe  and 
Mr.  Leggett  introduced  the  "Nongame  Fish 
and  Wildlife  Conservation  Act  of  1978" 
(H.R.  8606)  in  the  House.   The  bill, 
which  provides  funds  for  both  planning  and 
implementation,  also  received  favorable 
support.   The  Administration,  as  it  did  on 
S.  1140,  withheld  support. 

The  House  has  continued  to  work  on  a 
bill,  and  on  December  7,  1977,  Mr.  Forsythe 
introduced  H.R.  10255,  a  refined  version 


of  H.R.  8606.   It  is  a  good  bill  and  reflects 
more  than  40  hours  of  work  by  the  Conunittee 
legislative  staff  in  cooperation  with  several 
conservation  organizations.   It  provides  for 
90  percent  matching  money  for  planning  and 
75  percent  for  implementation.   The  planning 
portion  lists  11  standards  that,  when  adhered 
to,  will  help  fill  the  voids  in  our  knowledge 
of  wildlife  and  its  habitat  requirements. 
Its  major  weakness  is  that  it  uses  the  autho- 
rized appropriation  rather  than  an  excise 
tax  on  certain  outdoor  recreational  equip- 
ment and  birdseed  as  the  funding  vehicle. 

The  momentum,  is  there  for  the  passage 
of  this  legislation  and  I  feel  I  can  truly 
say  that  nongame  wildlife  management  is  a 
need  whose  time  has  come.   If  I  am  right, 
or  if  I  am  wrong,  we  as  professionals  should 
consider  Leopold's  (1933)  words  of  wisdom: 

Management  of  Other  Wild  Life. 
The  objective  of  the  game  manage- 
ment program  is  to  retain  for  the 
average  citizen  an  opportunity  to 
hunt.   As  already  pointed  out,  this 
implies  much  more  than  the  annual 
production  of  a  shootable  surplus 
of  live  birds  to  serve  as  targets. 
It  implies  a  kind  and  quality  of 
wild  game  living  in  such  surround- 
ings and  available  under  such  con- 
ditions to  make  hunting  a  stimulus 
to  the  esthetic  development,  phy- 
sical welfare,  and  mental  balance 
of  the  hunter. 

The  objective  of  a  conserva- 
tion program  for  non-game  wild 
life  should  be  exactly  parallel: 
to  retain  for  the  average  citizen 
the  opportunity  to  see,  admire  and 
enjoy,  and  the  challenge  to  under- 
stand, the  varied  forms  of  birds 
and  mammals  indigenous  to  his 
state.   It  implies  not  only  that 
these  forms  be  kept  in  existence, 
but  that  the  greatest  possible 
variety  of  them  exisi^in  each 
aommunity . 
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Abstract. — This  paper  identifies  general  patterns  of 
southern  nongame  bird  species  at  three  different  spatial 
scales  —  the  region,  the  forest  stand,  the  raicrohabitat . 
Three  hypothetical  examples  of  nongame  bird  management  are 
developed.   Each  example  uses  available  information  on  non- 
game  bird  habitat  requirements  and  tools  used  by  forest 
managers.   Possible  future  approaches  to  nongame  bird  manage- 
ment in  the  South  are  discussed. 


INTRODUCTION 

After  several  decades  of  research  in  avian 
ecology  conducted  by  ornithologists  in  southern 
forests  and  elsewhere,  we  are  in  a  position  to 
generalize  to  a  degree  about  the  expected  pat- 
terns of  distribution  of  nongame  birds  over 
time  and  space.   Two  publications  that  may  be 
useful  for  providing  the  reader  with  more 
detail  are  Slusher  and  Hinckley  (1974)  and 
Smith  (1975).   We  will  draw  from  these  two 
volumes  and  current  ecological  literature  to 
provide  an  outline  of  the  general  patterns  of 
nongame  birds  and  we  will  give  some  examples 
of  approaches  to  managing  nongame  birds  from 
our  own  research. 


One  important  aspect  in  considering  pat- 
terns of  nongame  birds  is  to  pay  close  atten- 
tion to  the  time  and  spatial  scales  that  are 
being  discussed.   The  general  patterns  of  va- 
riation in  nongame  birds  over  regional  spatial 
scales  may  be  quite  different  from  the  patterns 
of  some  smaller  scale  such  as  a  forest  stand. 
We  will  discuss  the  dominant  patterns  in  non- 
game  birds  at  three  spatial  scales:  in  the 
southern  region,  on  study  sites  of  10  to  20 
hectares  in  size  (the  forest  stand),  and  at  a 
microhabitat  scale  (less  than  .5  ha).   Within 
these  spatial  scales,  we  will  discuss  long- 
term,  annual  and  seasonal  patterns  of  variation. 
The  patterns  are  summarized  on  Table  1  and  more 
detailed  references  are  given  in  the  discussion 
that  follows. 
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DOMINANT  PATTERNS  OF  NONGAME  BIRDS  IN 
THE  SOUTHERN  FORESTS 

We  will  discuss  patterns  of  distributions 
of  forest  bird  species  in  four  of  the  nine  cate- 
gories in  Table  1. 


Long-Term  Regional  Patterns  of  Nongame  Birds 

Over  longer  time  scales  (considering 
decade  to  decade  or  longer  patterns  of  varia- 
tion in  bird  distributions),  there  have  been 
several  well  documented  cases  of  range  exten- 
sions into  the  South.   For  example,  such 
northern  erratic  migrants  as  the  Evening  Gros- 
beak and  the  Pine  Siskin  now  occur  regularly 
during  some  winters  in  parts  of  the  South  in 
which  they  had  never  been  recorded  before  the 
present  decade.   There  have  been  in  the  some- 
what more  distant  past  —  a  century  ago  —  whole- 
sale extinctions  and  regional  extirpations  of 
woodland  species  associated  with  the  era  of 
resource  exploitation.   Changes  in  species 
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ranges  and  the  extinction  (or  potential  there- 
of) of  species  can  be  suimnarized  in  two  ways: 
(1)  We  can  consider  the  patterns  of  overlap 
of  species  ranges  to  form  a  regional  pattern 
of  species  richness  (viz.  areas  in  which  many 
ranges  overlap  are  species  rich) .   We  can 
then  consider  patterns  of  species  richness 
over  the  South.   (2)  We  can  map  the  ranges  of 
species  that  are  considered  to  be  in  danger 
of  extinction. 


Species  Richness 

Several  factors  influence  the  richness 
(measured  in  terms  of  the  number  of  species) 
of  the  South's  regional  breeding  avifauna. 
Regions  that  have  considerable  topographic 
relief  or  great  heterogeneity  of  habitat 
types  tend  to  have  more  species  than  other- 
wise comparable  areas.   Florida  is  depauperate 
(has  less  species  than  one  would  expect)  for 
a  region  with  both  temperate  and  tropical 
habitats.   This  relative  lack  of  species  is 
due  to  the  fact  that  Florida  is  a  peninsula 
and  is  isolated  by  the  Gulf  of  Mexico  from 
the  sources  of  tropical  species  that  might 
otherwise  occur  there  (Cook  1969).   It  is  the 
depauperate  nature  of  Florida  that  has  allowed 
it  to  be  a  "staging  area"  for  the  invasion  of 
exotic  species  onto  the  North  American  conti- 
nent. 

In  general,  the  greatest  richness  of  non- 
game  bird  species  is  in  the  Appalachian 
region  of  the  South.   This  richness  is  due 
in  part  to  the  altitudinal  changes  in  the 
region  and  in  part  because  the  region  is  in  a 
zone  in  which  several  species  with  northern 
affinities  extend  their  ranges  into  the  South. 
Table  2  provides  a  list  of  species  occurring 
in  these  forests  along  with  a  general  descrip- 
tion of  the  species  habitat  preferences  and 
nest  site  characteristics. 


Endangered  Species 

If  one  maps  the  joint  ranges  of  all  of 
the  so-called  endangered  bird  species  that 
occur  in  the  South  (Fig.  1)  the  resultant  pat- 
tern is  the  inverse  of  that  for  species  rich- 
ness.  The  endangered  species  tend  to  be 
distributed  in  coastal  areas  (or  on  the 
coastal  plain)  and  in  the  southern  part  of 
the  region.   Of  these  endangered  species,  most 
are  not  directly  associated  with  forest  habi- 
tats, but  the  Red-Cockaded  Woodpecker  (which 
is  an  old-age  pine-forest  endemic  species)  is 
often  associated  with  areas  that  are  managed 
for  wood  products.   The  management  of  land  on 
which  an  endangered  species  occurs  is  a  very 
difficult  endeavor  both  from  a  legal  stand- 
point and  in  terms  of  the  practical  management 
aspects.   Many  of  the  endangered  species  are 


Figure  1. — Overlaps  in  ranges  of  endangered 
species  in  the  South.   The  darkest  shading 
on  the  map  indicates  areas  in  the  range  of 
five  rare  or  endangered  bird  species,  the 
lightest  shading  indicates  areas  in  the  range 
of  only  one  rare  or  endangered  bird  species. 
Intermediate  shadings  indicate  2,  3,  or  4 
species  increasing  with  intensity  of  map 
shading. 


rare  birds  that  are  associated  with  an  ecologi- 
cally unique  habitat  type  (e.g..  Cape  Sable 
Seaside  Sparrow)  and  management  for  these  spe- 
cies is  often  a  matter  of  avoiding  any  altera- 
tion in  the  habitat  in  which  the  species  occur. 
Species  such  as  the  Red-Cockaded  Woodpecker  and 
perhaps  the  Bachman's  Warbler  are  rare  but  also 
occur  in  transient  habitats  (respectively,  old- 
growth  pine  stands,  and  disturbed  southern 
swamp-forests) .   One  cannot  manage  land  for 
such  species  simply  by  leaving  areas  alone  that 
appear  to  be  suitable  habitat.   Natural  succes- 
sion will  transform  the  habitat  in  time  to  some 
other  habitat  type.   The  management  for  these 
species  would  have  to  include  the  creation  of 
new  habitat  in  adjacent  areas.   The  management 
of  southern  forests  to  include  as  an  objective 
the  perpetuation  of  transient-habitat  endemics 
such  as  the  Red-Cockaded  Woodpecker  may  be  one 
of  the  most  difficult  tasks  that  the  regional 
manager  ever  has  to  tackle. 
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Long-Term  Patterns  of  Nongame  Birds  at  the 
Scale  of  the  Forest  Stand 

Patterns  in  Breeding  Bird  Diversity 

Diversity  indices  as  used  by  most  ecolo- 
gists  (see  MacArthur  and  MacArthur  1961; 
Patten  1962;  Lloyd  and  Ghelardi  1964;  Monk 
1967;  for  various  uses  of  diversity  indices 
with  different  sorts  of  organisms)  can  be 
thought  of  as  having  two  components: 

Richness  —   the  number  of  species  in  a 
given  community. 

Equitabitity  —   the  evenness  of  numeri- 
cal abundance  of  the  populations 
in  a  given  community. 

For  breeding  bird  communities  the  diver- 
sity is  mostly  due  to  the  number  of  species 
(richness)  (Tramer  1969;  Kricher  1972)  so 
that  for  studies  of  similar  sampling  intensity 
and  size,  diversity  (often  calculated  as  H  = 
ZpjLogp.,  where  H  is  the  diversity  index  and 
Pj  is  the  frequency  of  occurrence  of  the  ith 
bird  species)  varies  directly  with  species 
richness.   The  diversity  index  is  not  as 
strongly  influenced  by  rare  species  as  is  a 
species  list,  and  is  useful  in  comparing 
studies  of  differing  sample  intensity  (Buzas 
and  Gibson  1969). 

There  is  a  general  theory  that  species 
diversity  of  organisms  should  increase  through 
succession  with  a  decline  in  diversity  in  the 
last  successional  stages  (Margalef  1958) . 
This  pattern  has  not  been  uniformly  noted  in 
studies  of  breeding  birds  and  is  almost 
certainly  not  the  case  in  winter  bird  popu- 
lations.  Adams  (1908)  listed  species  of  birds 
characteristic  of  successional  stages  (aquatic 
communities  to  bogs  to  climax  forests)  on  Isle 
Royale,  Michigan.   Adams  found  a  greater 
variety  of  bird  life  (species  richness)  in  the 
intermediate  stages  of  succession.   Figure  2 
(from  Smith  1975)  shows  the  pattern  for  three 
more  recent  studies.   In  no  case  is  a  decline 
in  species  diversity  toward  the  end  of  succes- 
sion particularly  evident,  but  there  is  a  tend- 
ency for  diversity  to  increase  through  succes- 
sion.  There  is  considerable  variation  in 
pattern  among  the  three  studies. 


Patterns  of  Breeding  Bird  Density 

An  increase  of  avian  density  through  a 
progression  of  successional  communities  has 
been  documented  by  Saunders  (1936)  in  New 
York,  Kendeigh  (1948)  in  Michigan,  Odum 
(1950)  in  North  Carolina,  Johnston  and  Odum 
(1966)  in  Georgia,  Haapanen  (1965)  in  Finland, 
Karr  (1968)  in  Illinois,  Karr  (1971)  in 
Panama.  Shugart  and  James  (197  3)  in  Arkansas. 


ORNL-DWG   7I-I3496R 


FOREST 


ECOLOGICAL  AGE  INCREASING - 


Figure  2. — Changes  in  the  species  diversity 
index  (H  )  for  bird  communities  during  eco- 
logical succession.   The  Arkansas  data  are 
from  Shugart  and  James  (1973);  Georgia  data 
from  Johnson  and  Odum  (1950) ;  Illinois  data 
from  Karr  (1971) .   Figure  modified  from 
Shugart  and  James  (1973) . 


These  findings  dra\i7n  from  diverse  regions  are 
in  general  agreement.   There  are  notable 
exceptions  to  this  general  pattern  [e.g., 
Kendeigh  (1947)  found  highest  bird  densities 
in  shrubby  serai  stages  of  communities  in  the 
Helderberg  Plateau  region  of  New  York] .   How- 
ever, there  is  an  expected  pattern  of  higher 
densities  of  birds  in  mature  forests. 


Annual  Changes  in  Bird  Communities  at  the 
Scale  of  the  Forest  Stand 

A  second  time  scale  important  at  the  level 
of  the  forest  stand  is  that  of  annual  or  year- 
to-year  variation  in  the  composition  of  avian 
communities.   This  annual  variation  can  take 
two  forms:  variation  in  the  population  of  a 
given  species,  and  annual  variation  of  the  spe- 
cies composition  of  the  community  as  a  whole. 
Figure  3  shows  the  annual  fluctuations  in  the 
number  of  breeding  pairs  of  selected  bird  spe- 
cies in  an  Illinois  woodland  over  a  period  of 
years. 

The  actual  causes  for  such  yearly  fluc- 
tuations in  species  abundance  are  for  the  most 
part  unknown.  Wiens  et  ^.  (1974)  found  no 
clear  relationship  between  fluctuations  in 
population  size  of  avian  species  and  climatic 
variation.   The  problem  of  identifying  causal 
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Figure  3. — Number  of  pairs  of  selected  spe- 
cies of  breeding  birds  in  Trelease  Woods, 
Urbana,  Illinois  (55  acres).   Data  from 
Kendeigh  (1944). 


factors  is  confounded  by  the  fact  that  many 
of  the  breeding  species  in  an  area  are  migra- 
tory species  whose  densities  may  be  a  result 
of  factors  taking  place  in  other  areas  of 
their  range.   Fluctuations  may  also  be  a 
result  of  changes  in  dispersal  (distributional) 
patterns  rather  than  absolute  numbers.   Ter- 
ritory size  in  avian  species  has  been  found 
to  be  negatively  correlated  with  abundance  of 
food  within  the  territory  (Stenger  1958; 
Schoener  1968).   As  a  result  of  this,  annual 
variations  in  the  number  of  breeding  birds  of 
a  particular  species  in  a  given  stand  might 
be  a  result  of  varying  territory  size  re- 
sulting from  variations  in  the  food  supply 
(i.e.,  insect  biomass) . 

Annual  turnover  of  species  in  a  stable 
vegetation  type  is  rather  insignificant  in 
mainland  regions  and  usually  reflects  the 
presence  of  "rare  species"  encountered  during 
censuses.   The  actual  species  composition  of 
the  dominant  segment  of  the  avifauna  changes 
little  from  year  to  year  for  a  given  site. 


Seasonal  Patterns  in  Bird 
Microhabitat  Selection 

One  of  the  more  interesting  lines  of 
research  to  develop  over  the  past  decade  has 
been  the  use  of  multivariate  statistical 
techniques  to  quantify  the  microhabitat  selec- 
tion patterns  of  select  nongame  bird  species 
usually  within  a  season.   Schoener  (1974)  has 


reviewed  the  manner  in  which  similar  species 
utilize  their  environments  and  has  noted  the 
following  general  patterns: 

1.  The  important  variables  involved  in 
resource  partitioning  are  typically  habitat 
variables,  followed  in  importance  by  food 
variables. 

2.  As  the  number  of  species  considered  in 
a  community  increases,  the  number  of  variables 
needed  to  separate  the  ecological  roles  of  the 
species  increase. 

Recently,  there  have  been  multivariate 
statistical  analyses  (James  1971;  Shugart  and 
Patten  1972;  Anderson  and  Shugart  1974; 
Whitmore  1975)  directly  applied  to  determine 
the  influence  of  a  number  of  habitat  variables 
on  the  distributions  and  microhabitats  of  entire 
avian  communities.   These  studies  indicate  that 
the  simple  relationship  between  bird  species 
diversity  and  foliage  height  diversity  first 
presented  by  MacArthur  and  MacArthur  (1961)  is 
neither  as  direct  nor  as  universally  applicable 
as  it  was  first  thought.   The  application  of 
multivariate  analysis  to  the  habitat  selection 
problem  in  birds  also  seems  to  reduce  problems 
in  data  interpretation. 

For  example,  one  application  of  discrimi- 
nant function  analysis  has  been  proposed  by 
Conner  and  Adkisson  (1976)  to  determine  poten- 
tial woodpecker  inhabitation  by  measuring 
variables  in  the  structural  vegetation.   Dis- 
criminant function  analysis  can  also  be  applied 
to  the  entire  woodpecker  community  in  order  to 
identify  differences  in  structural  niche 
requirements  among  species.   Using  data  col- 
lected by  R.  Bunnell  on  a  study  area  on  the 
Department  of  Energy  Oak  Ridge  Reservation,  a 
discriminant  function  was  computed  so  that 
given  the  vegetational  structure  at  a  given 
point  in  space,  the  probability  of  the  point 
being  utilized  by  a  given  woodpecker  species 
could  be  determined.   Vegetative  data  that  cor- 
responded to  the  parameters  used  in  the  wood- 
pecker habitat  analysis  had  been  collected  for 
a  number  of  inventory  plots  on  the  Oak  Ridge 
Reservation  (Bunnell  et_   al.  1978)  where  no 
survey  of  woodpecker  species  have  been  made. 
These  data  were  fed  into  the  discriminant 
function  and  the  most  probable  woodpecker  spe- 
cies associated  with  each  inventory  plot  was 
computed.   The  resultant  map  (Fig.  4)  made  with 
Symap  (Dougnik  and  Sheeham  1975)  shows  the 
potential  woodpecker  feeding  habitats  by  spe- 
cies for  a  site  called  the  Haw  Ridge  Site. 
Such  a  map  could  be  used  by  a  resource  manager 
to  avoid  the  areas  that  might  be  used  by  a 
given  woodpecker  species  or  it  might  allow  the 
placement  of  a  nature  trail  so  that  a  visitor 
could  expect  to  see  all  the  indigenous  wood- 
pecker species  with  minimum  effort.   The  idea 
of  coupling  microhabitat  analysis  with  the 
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Figure  4. — A  Symap  map  of  potential  woodpecker  habitat  on  a  study  site  called  Haw  Ridge  on  the 
Department  of  Energy  Oak  Ridge  Reservation.   The  map  was  drawn  using  a  discriminant  function 
(calculated  on  a  base  data  set)  to  determine  the  expected  woodpecker  species  at  each  of  the 
forest  inventory  plots  on  Haw  Ridge.   Yellow-bellied  Sapsucker  and  Red-bellied  Woodpecker 
habitats  are  similar  and  are  lumped  together. 


forest  inventory  sample  plots  used  by  resource 
managers  creates  the  potential  for  nongame 
management  comparable  to  those  used  for  many 
game  species. 


POSSIBLE  NEW  METHODOLOGIES  FOR  NONGAME 
BIRD  MANAGEMENT 

Regional  Modeling  of  Nongame 
Bird  Management 

Shugart  £t  ad.  (1973)  formulated  a  ra- 
tionale and  methodology  for  constructing 
models  of  forest  succession  over  large  land 
areas  (10  -  10   acres) .   In  developing  this 
methodology  an  example  model  was  used  to 
simulate  changes  in  amounts  of  forested  land 
of  various  successional  stages  in  the  State 
of  Michigan.   Models  of  this  type  allow  for 
long-term  predictions  to  be  made  concerning 
the  areas  of  land  covered  by  a  particular 
forest  type.   For  species  in  which  the  pre- 
ferred habitat  can  be  easily  associated  with 
a  forest  type  (as  opposed  to  species  that 
have  specific  mlcrohabitat  preferences  — 
discussed  below),  such  simulators  can  be 
used  to  project  the  long-term  regional  con- 
sequences of  different  management  strategies. 

As  a  purely  hypothetical  example  of  how 
one  might  couple  a  regional-inventory  pro- 
jection model  to  the  habitat  selection  pat- 
terns of  a  given  species,  we  will  consider 


how  the  habitat  available  to  the  Kirtland's 
Warbler  might  change  in  the  face  of  two  dif- 
ferent management  schemes.   We  will  use  the 
Shugart  et_  al.  (1973)  example  model  as  a  suc- 
cession simulator  and  will  consider  only  the 
gross  habitat  selection  patterns  of  the 
Kirtland's  Warbler.   Kirtland's  Warbler  is  an 
endemic  of  the  Jack  Pine  forests  of  northern 
Michigan.   It  is  restricted  to  the  fairly  dense 
stands  of  young  Jack  Pines  i-hat  spring  up  after 
forest  fires  (Bent  1963) .   As  a  result  of  cur- 
rent fire  prevention  practices,  the  Jack  Pine 
forests,  being  an  early  successional  forest 
type,  are  quickly  declining  in  area.   Subse- 
quently the  population  of  Kirtland's  VJarbler 
has  declined  drastically  to  the  point  at  which 
today  it  is  an  endangered  species. 

Results  of  a  250-year  simulation  of  the 
Jack  Pine  forests  of  Michigan  under  conditions 
both  of  natural  succession  (in  the  absence  of 
natural  or  man-made  disturbance)  and  of  har- 
vesting with  a  rotation  age  of  50  years,  is 
shown  in  Fig.  5.   Under  conditions  of  natural 
succession  Jack  Pine  decreases  to  1/10  of  its 
original  area  (of  671.5  X  10**  acres)  within 
100  years  and  continues  to  decrease  to  1.09  X 
10**  acres  by  the  end  of  the  250-year  simulation. 
When  timber  harvest  and  replanting  is  Introduced 
to  the  model,  equilibrium  occurs  for  Jack  Pine 
at  the  onset  of  the  simulation  with  total  area 
covered  varying  by  less  than  2%  over  the  250 
years. 
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Figure  5. --Total  acreage  of  Jack  Pine  in  Michigan  through  250  years  of  simulated  succession 
with  and  without  forest  management.   (Vertical  axis  in  acres  X  10^) 


In  actual  fact,  to  deal  with  this  prob- 
lem of  declining  habitat  availability  for 
Kirtland's  Warblers  under  present  conditions, 
selected  areas  of  Jack  Pine  forest  are  being 
set  aside  and  periodically  burnt  to  make 
available  young  stands  of  suitable  habitat. 
The  value  of  models  such  as  the  one  above, 
is  in  their  ability  to  predict  long-term 
trends  in  the  availability  of  habitat  types 
under  various  management  practices.   In  the 
above  simulation,  the  harvesting  of  Jack 
Pine  using  the  equivalent  of  a  fifty-year 
rotation  period  appears  to  maintain  the 
present  status  of  Jack  Pine  as  a  forest 
type  and  thus  halt  the  decline  of  available 
Kirtland's  Warbler  habitat. 

In  this  hypothetical  example  we  have 
coupled  a  computer  model  (that  projects 
the  regional  inventory  of  different  forest 
types  into  the  future)  to  the  gross  habi- 
tat preferences  of  a  nongame  bird  species. 
Models  which  project  future  forest  cover 
are  being  used  and  developed  for  forest 
systems  for  many  regions  of  the  United 
States.   Some  of  these  models  even  take  into 
account  economic  feedbacks  that  might  alter 
the  harvest  and  site  preparation  options 
(for  example)  that  are  used  (see  Shugart  e_^ 
al.  1977  for  a  review  of  some  of  the  more 
ecologically  oriented  models  of  this  sort) . 
Given  the  existence  of  regional  "habitat 
projection  models"  —  which  is  what  the 
models  used  to  project  state  forest  inven- 
tories really  are  —  we  are  in  a  position  to 
incorporate  bird  habitat  preferences  into  these 
models  and  to  manage  nongame  bird  habitats. 

Stand  Modeling  of  Nongame  Bird  Management 


Just  as  we  can  use  regional  inventory  pro-* 
jection  models  to  predict  the  changes  of  suit- 
able habitat  for  species  over  an  entire  state, 
we  can  also  use  stand  simulators  to  assess 
effects  of  alternate  management  strategies  on 
selected  bird  species  or  for  entire  bird  com- 
munities.  Stand  simulation  models  are  reviewed 
in  Horn  1977;  Shugart  et  al-  1977.   These 
models  are  quite  varied  in  the  types  of  mathe- 
matics used  but  they  typically  function  by  con- 
sidering the  tree  by  tree  changes  over  time  for 
an  area  that  corresponds  to  that  of  a  canopy 
tree  or  to  some  sampling  unit.   The  spatial 
scale  of  these  models  corresponds  to  the  scale 
of  what  we  earlier  .termed  the  microhabitat 
spatial  scale  for  birds. 

As  a  hypothetical  example,  we  took  the 
stand  simulator  (FORET)  that  has  been  devel- 
oped for  East  Tennessee  (Shugart  and  West  1977) 
and  used  the  model  to  simulate  1000  years  of 
natural  succession  on  100  plots  of  forested 
land  each  of  which  is  1/12  ha  ('^  1/5  acre). 
This  particular  model  functions  by  keeping  track 
of  the  diameter  and  species  of  each  individual 
tree  occurring  on  the  simulated  plot.   Each 
year,  a  probability  of  mortality  for  each  indi- 
vidual tree  is  determined  and  a  random  number 
is  drawn  to  determine  if  a  given  tree  should 
be  killed.   Similarly,  according  to  conditions 
on  the  forest  plot,  trees  of  different  species 
become  established  either  by  seeding  in  or  by 
sprouting.   Each  year  the  diameter  of  each  tree 
is  increased  according  to  the  species  and  size 
of  the  tree  and  taking  into  account  shading, 
crowding  and  climate.   The  output  from  the 
model  is  in  the  form  of  lists  of  tree  diameters 
by  species  per  1/12  ha.   This  output  looks  like 
a  stand  tally  sheet  and  is  provided  each  year 
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for  each  simulated  plot.   By  combining  the  out- 
put from  several  replicate  runs  (usually  100) 
we  can  see  the  dynamics  of  a  forest.   Output 
from  the  model,  and  a  discussion  of  the  vali- 
dation of  this  model  are  in  Shugart  and  West 
1977. 

The  model  output  from  100  plots  for  1000 
years  of  natural  succession  was  converted  to 
biomass  (in  metric  tons  ha~  ) .   We  then  appor- 
tioned this  biomass  between  thin-barked  tree 
species  and  thick-barked  species.   The  thin- 
barked  trees  were  the  species  that  the  Yellow- 
bellied  Sapsucker  might  use  for  feeding.   The 
Yellow-bellied  Sapsucker  (occurring  in  winter 
throughout  the  South)  feeds  on  the  inner  bark, 
tree  sap  and  the  insects  drawn  to  the  holes 
that  the  bird  maintains  in  selected  trees. 
Figure  6  shows  the  percentage  of  trees  that 
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Figure  6. — Thin-barked  tree  species  suitable 
for  feeding  by  Yellow-bellied  Sapsuckers 
as  a  percentage  of  the  total  biomass 
through  1000  years  of  simulated  stand 
development  on  100  1/12  ha  circular  plots. 


might  be  fed  upon  by  Yellow-bellied  Sapsuckers 
during  1000  years  of  natural  succession  in 
East  Tennessee.   There  are  two  periods  early 
and  late  in  the  succession  in  which  sapsucker 
trees  are  particularly  available  but  in  no 
case  is  there  a  shortage  of  potential  feeding 
sites  during  natural  succession  in  the  East 
Tennessee  forests. 

There  are  several  logical  extensions  of 
this  sort  of  habitat  modeling.   We  could 
have  increased  the  mortality  probability  for 


trees  utilized  by  sapsuckers  to  obtain  an 
estimate  of  the  effect  of  this  bird  on  the 
patterns  of  forest  succession.   We  could 
harvest  trees  from  the  simulated  stands  and 
assess  the  effect  of  any  stand  management 
scheme  on  the  availability  of  sapsucker 
feeding  sites.   Using  multivariate  statis- 
tical descriptions  of  habitat  structure 
associated  with  different  bird  species,  we 
could  simulate  bird  community  changes  under 
natural  succession  or  under  various  manage- 
ment options.   What  is  needed  in  this  case 
is  a  stand  projection  model  and  a  knowledge 
of  species  habitat  preferences. 


FUTURE  PROBLEMS  IN  NONGAME  BIRD  MANAGEMENT 

Through  this  discussion  we  have  focused 
on  the  habitat  preferences  of  southern  non- 
game  birds  at  different  spatial  and  temporal 
scales.   We  have  provided  some  general  rules- 
of-thumb  for  patterns  of  bird  populations  and 
we  have  given  three  examples  of  what  we  feel 
will  be  the  nature  of  future  nongame  bird  man- 
agement.  It  is  imperative  for  the  development 
of  nongame  bird  management  as  a  scientifically 
sound  system  of  management  practices  that  we 
learn  more  about  the  habitat  requirements  and 
niche  relationships  of  nongame  birds.   Many 
temperate  bird  species  (at  least  within  a  given 
season)  seem  to  be  closely  tied  to  certain 
microhabitat  features.   This  probably  is  not 
the  case  with  all  temperate  species  and  seems 
not  to  be  the  case  in  general  in  tropical  birds 
(Able  and  Noon  1976).   We  must  know  which  spe- 
cies are  associated  with  which  habitat  elements 
and  we  must  know  which  species  cannot  be  man- 
aged by  simply  managing  for  habitat. 

It  is  probable  that  management  for  nongame 
species  will  be  practiced  in  the  less-economi- 
cally  important  mountain  forests  of  the  Arkansas 
and  Missouri  Ozarks  and  in  the  Southern  Appala- 
chians due  to  several  ecological  and  economic 
factors.   These  forests  are  already  used  in  a 
primary  fashion  for  outdoor  recreation  so  that 
the  political  pressures  and  incentives  may  be 
greatest  in  these  regions  for  a  concerted 
effort  to  manage  song  birds.   Also  these  forest 
systems  have  a  rich  avifauna.   The  economically 
important  pine-dominated  forests  of  the  coastal 
plain  should  not  be  overlooked  in  terms  of 
their  potential  for  nongame  bird  management. 
The  richer  bird  communities  may  be  in  forests 
of  the  southern  mountains,  but  not  all  species 
occur  in  abundance  in  these  regions  and  some 
species  are  more  or  less  endemic  to  the 
coastal  plain  and  piedmont  ecosystems.   There 
is  a  potential  for  ignoring  nongame  bird  popu- 
lations in  the  pine  forests  that  could  create 
shortages  in  critical  habitat  for  some  species 
in  the  future.   This  potential  problem  should 
be  recognized  and  avoided. 
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We  have  identified  two  areas  in  which 
tools  and  data  familiar  to  the  forest  manager 
could  be  used  to  attempt  to  optimize  birds 
and  other  uses  of  forests.   The  first  area  in- 
volved the  use  of  forest  inventory  data  as 
habitat  potential  data  for  nongame  species. 
The  second  area  involved  using  stand  and  re- 
gional forests  simulators  to  project  bird 
habitat  availability  into  the  future.   There 
is  undoubtedly  more  to  nongame  bird  management 
than  simply  habitat  management  but  much  work 
needs  to  be  done  in  this  area.   The  insights 
of  the  forest-entomologist  would  be  invaluable 
in  studying  food  availability  for  nongame 
birds,  for  example.   The  richest  research  area 
in  nongame  bird  management  in  the  future  may 
well  be  the  combining  of  the  present  under- 
standing of  avian  ecology  with  the  experience 
in  managing  forests. 
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The  Structure  and  Organization  of  Avian  Communities  in  Forests 

1/ 


Sidney  A.  Gauthreaux,  Jr.— 


Abstract. — The  structure  of  bird  communities  is  presented 
in  the  context  of  Southwood's  schema  of  ecological  strategies 
and  the  habitat  templet.   Heterogeneity  in  space  and  time  and 
their  effects  on  the  gradients  of  durational  stability  and  of 
resource  level  and  constancy  are  considered  the  underlying  fac- 
tors in  community  organization.   These  gradients  are  used  in 
discussing  species  strategies  and  life  forms,  community  process 
(succession),  and  community  characters  (spatial  complexity, 
trophic  complexity,  niche  breadth,  standing  crop,  turnover,  and 
diversity) . 


INTRODUCTION 

The  concept  of  community  as  an  aggregate 
of  organisms  which  form  a  distinct  ecological 
unit  defined  in  terms  of  flora  and  fauna  is 
widely  accepted,  but  it  is  also  obvious  that 
the  concept  includes  complex  dynamic  inter- 
actions and  properties  of  the  component 
species.   In  this  presentation  I  will  give  a 
broad  overview  of  the  structure  of  avian 
communities  in  forests.   In  discussing  avian 
community  ecology  I  should  mention  that  it  is 
a  bit  naive  to  speak,  of  "avian"  community 
ecology,  because  birds  represent  but  a  part 
(and  some  would  say  a  rather  insignificant 
part)  of  the  total  community  structure. 
Nonetheless,  work  on  birds  has  contributed 
greatly  to  our  knowledge  of  the  structure  and 
dynamics  of  ecological  communities,  and  it  is 
this  contribution  I  wish  to  stress  in  this 
paper. 

The  ultimate  objective  in  studying  com- 
munity ecology  is  to  determine  the  nature  and 
the  relative  importance  of  the  factors  con- 
trolling its  composition;  also,  whether,  to 
what  extent,  and  why  the  community  is  changing 
with  time  (Pielou  1974).   In  order  to  achieve 
this  objective  it  is  necessary  to  define  some 
measurable  properties  of  the  community  as  a 
whole  and  in  so  doing  make  possible  compar- 
sons  of  the  quantitative  properties  among 
several  communities.   As  Pielou  (1974)  points 
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out,  this  is  a  necessary  first  step  toward  an 
understanding  of  how  communities  function. 
Thus,  the  study  of  bird  communities  is  the 
search  for  relations  among  measurable  aspects 
of  sets  of  bird  species  such  as  patterns  of  size 
or  relative  abundance  among  the  species  within  a 
community  and  patterns  of  numbers  of  species  that 
vary  regularly  from  community  to  community 
(MacArthur  1971). 

Southwood  (1977)  has  recently  stressed  the 
importance  of  time  and  space  in  terms  of  ecologi- 
cal strategies  of  species  in  communities  and 
emphasized  that  the  strategies  of  the  species 
have  evolved  to  maximize  the  numbers  of  their 
descendents  in  the  community.   He  has  generated 
a  schema  in  which  various  features  of  communities 
have  been  arranged  against  the  axes  of  space  and 
time  (fig.  1).   Southwood's  schema  will  be  used 
as  a  guideline  in  my  treatment  of  avian  community 
ecology.   It  should  be  noted  that  any  considera- 
tion of  avian  communities  involves  treatment  of 
component  species'  strategies,  community  process 
(succession) ,  and  community  characters  (spatial 
complexity,  trophic  complexity,  niche  breadth, 
standing  crop,  turnover,  and  diversity),  and 
these  considerations  will  serve  as  the  outline 
for  my  presentation. 


COMPONENT  SPECIES  STRATEGIES 

A  number  of  recent  studies  have  addressed 
life  history  strategies  from  many  different 
viewpoints.   In  a  theoretical  examination  of 
optimal  reproductive  efforts,  Schaffer  (1974a) 
has  relaxed  the  general  assumption  of  environ- 
mental constancy,  and  Schaffer  (1974b)  and 
Schaffer  and  Rosenzweig  (1977)  have  investigated 
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Figure  1. — Ecological  strategies  and  the  habitat  templet  (after  Southwood  1977), 


the  problem  of  more  than  one  life  history 
strategy  in  a  species.   The  influence  of  en- 
vironmental certainty,  trophic  level,  and 
resource  availability  in  life  history  stra- 
tegies have  been  discussed  by  Wilbur  et  al. 
(1974) ,  and  they  suggest  that  additional  eco- 
logical dimensions,  such  as  environmental 
predictability  and  the  relative  trophic 
position  of  species  may  be  important  in  the 
evolution  of  life  histories.   Nichols  et  al. 
(1976)  agree  that  attempts  to  explain  life 
histories  as  outcomes  of  single  selective 
pressures  have  actually  obscured  the 
evolution  of  life  history  strategies,  and 
they  add  that  numerous  organisms  inhabiting 
variable  environments  exhibit  temporally 
dynamic  reproductive  strategies  (see  also 
Giesel  1976).   Ricklefs  (1977)  in  a  dis- 
cussion of  the  evolution  of  reproductive 
strategies  in  birds  suggests  that  the  di- 
versity in  life  histories  must  be  sought 
primarily  in  environmental  factors  that 
directly  influence  fecundity,  prereproductive 
survivorship,  and  adult  mortality  and  in 
density-dependent  or  fortuitous  relation- 
ships among  those  aspects  of  the  environment. 

Pianka  (1970,  1974a:90)  has  tabulated 
several  characteristics  correlated  with  r- 
and  Krselection  (Table  1).   Stearns  (1976, 


1977)  has  carefully  examined  the  ideas  and  cor- 
relates of  r-  and  K-strategists  in  an  overview 
of  life  history  tactics,  and  questions  the 
validity  of  the  underlying  assumptions  and 
theoretical  predictions  that  have  flourished 
in  the  literature.   According  to  Stearns  (1976), 
the  key  life  history  traits  are  brood  size,  size 
of  young,  the  age  distribution  of  reproductive 
effort,  the  interaction  of  reproductive  effort 
with  adult  mortality,  and  the  variation  in  these 
traits  among  an  individual's  progeny.   The  general 
theoretical  problem  is  to  predict  which  combina- 
tions of  traits  will  evolve  in  organisms  living 
in  specific  circumstances.   Leon  (1976)  has 
addressed  this  problem  in  part  by  using  optimal 
control  theory. 

Some  bird  species  resemble  r-strategists 
(see  MacArthur  and  Wilson  1967)  in  that  they 
have  high  reproductive  potential  (longer 
breeding  seasons  and  raise  more  broods  per  year 
than  do  other  species) ,  extraordinarily  catholic 
and  unspecialized  habitat  preferences,  high 
dispersal  ability,  and  are  competitively  excluded 
from  species-rich  islands  by  K-selected  species 
(Diamond  1975).   These  former  species  are  called 
supertramps ,  and  Diamond  found  that  faunas  domi- 
nated by  supertramps  maintain  population  densi- 
ties up  to  nine  times  higher  than  those  of  K- 
selected  faunas  of  the  same  number  of  species. 
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Table  1. — Some  of  the  Correlates  of  r   and  K   Selection  (After  Pianka  1970,  1974:90). 


r   Selection 


K   Selection 


Climate 

Mortality 

Survivorship 
Population  size 


Intra-  and  interspecific 
competition 

Selection  favors 


Length  of  life 


Leads  to 


Variable  and/or  unpredictable ; 
uncertain 

Often  catastrophic,  nondirected, 
density  independent 

Often  Type  III  ^ 

Variable  in  time,  nonequilibrium; 
usually  well  below  carrying 
capacity  of  environment;  un- 
saturated communities  or  portions 
thereof;  ecologic  vacuums;  re- 
colonization  each  year 

Variable,  often  lax 


1  Rapid  development 

2  High  maximal  rate  of  increase, 

r 
max 

3  Early  reproduction 

4  Small  body  size 

5  Single  reproduction 

Short,  usually  less  than  1  year 


Productivity 


Fairly  constant  and/or  pre- 
dictable; more  certain 

More  directed,  density 
dependent 

Usually  Types  I  and  II 

Fairly  constant  in  time, 
equilibrium;  at  or  near 
carrying  capacity  of  the 
environment;  saturated 
communities;  no  recolo- 
nization  necessary 

Usually  keen 


1  Slower  development 

2  Greater  competitive 
ability 

3  Delayed  reproduction 

4  Larger  body  size 

5  Repeated  reproductions 

Longer,  usually  more  than 
1  year 

Efficiency 


It  should  be  emphasized  that  although 
some  bird  species  may  be  thought  of  as  r- 
strategists,  birds  as  a  whole,  compared  with 
many  other  groups  of  organisms  (e.g.,  insects), 
are  more  K-strategists  on  the  r-K  continuum. 
Southwood  at  al.  (1974)  have  made  brief 
reference  to  birds  as  r-  and  K-strategists 
and  have  concluded  that  while  many  verte- 
brate species  may  have  arisen  as  a  result 
of  K-selection  (in  comparatively  stable 
geological  periods),  many  groups  within  these 
taxa  have  had  their  population  parameters 
modified  to  conform  to  the  habitats  they 
occupy.   Really  successful  K-strategists 
become  precisely  adapted  to  a  very  permanent 
(in  generation  terms)  habitat  type,  they 
become  larger  in  size,  and,  because  of  their 
extreme  K-type  population  parameters,  they 
lose  their  plasticity  for  selection.   Another 
clear  and  straightforward  discussion  of  opti- 
mal life  history  strategies  with  some  refer- 
ence to  birds  can  be  found  in  Southwood  (1976) . 
Brewer  and  Swander  (1977)  have  examined  life 
history  traits  as  they  influence  the  intrin- 
sic rate  of  natural  increase  in  forest,  grass- 
land, and  marsh  inhabiting  birds.   They 
conclude  that  forests  can  probably  be  thought 
of  as  K-selecting  environments  for  birds, 
while  grasslands  and  marshes  probably  are  not. 


specifically  "because  vegetational  fluctuations 
make  particular  areas  unpredictably  uncrowded  or 
overcrowded. " 


SUCCESSION 

The  appearance  of  species  population  densi- 
ties along  the  time  axis  during  succession  is 
fundamentally  similar  to  that  found  along  spatial 
gradients  (see  fig.  1),  but  the  rate  of  change 
slows  as  the  community  matures  (Whittaker  1975). 
The  properties  of  succession  have  been  thoroughly 
reviewed  by  Margalef  (1968),  Odum  (1969),  Horn 
(1974,  1975,  1976),  and  Whittaker  (1975).   Succes- 
sion is  being  viewed  currently  in  the  context  of 
adaptations  of  individual  species  independent  of 
any  transcendent  properties  of  the  whole  communi- 
ty (Drury  and  Nisbet  1971,  1973;  Connell  1972; 
Horn  1974) ,  and  the  replacement  process  is  in- 
creasingly being  represented  by  Markovian  models 
(Horn  1976) .   The  mechanisms  of  succession  in 
natural  communities  and  their  role  in  community 
stability  and  organization  have  been  reviewed 
recently  by  Connell  and  Slatyer  (1977).   They 
have  suggested  that  the  sequence  of  species 
observed  after  a  relatively  large  space  is 
opened  up  is  a  consequence  of  the  following 
mechanisms.   Species  with  broad  dispersal  powers 
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and  rapid  growth  to  maturity  usually  arrive 
first  and  occupy  empty  space.   These  species 
cannot  invade  and  grow  in  the  presence  of 
adults  -of  their  own  or  other  species.   Several 
alternative  mechanisms  may  then  determine 
which  species  replace  these  early  occupants. 
Connell  and  Slatyer  (1977)  have  proposed 
three  models  of  such  mechanisms.   The  first 
they  call  the  "facilitation"  model  that 
suggests  that  the  entry  and  growth  of  the 
later  species  is  dependent  upon  the  earlier 
species  "preparing  the  ground,"  and  only 
after  this  can  later  species  colonize.   The 
second  they  have  referred  to  as  a  "tolerance" 
model  which  suggests  that  a  predictable 
sequence  is  produced  by  the  existence  of 
species  that  have  evolved  different  stra- 
tegies for  exploiting  resources.   Later 
species  will  be  those  able  to  tolerate  lower 
levels  of  resources  than  earlier  ones.   The 
third  model  they  have  called  the  "inhibition" 
model  which  suggests  that  all  species  resist 
invasions  of  competitors.   The  first 
occupants  preempt  the  space  and  will  continue 
to  exclude  or  inhibit  later  colonists  until 
the  former  die  or  are  damaged,  thus  releasing 
resources  that  permit  later  colonists  to 
reach  maturity.   The  first  and  third  models 
have  the  greatest  supportive  evidence,  while 
the  second  model  has  little  supportive  data. 

Kendeigh  (1945)  has  long  considered  the 
general  pattern  of  avian  succession  to  be  a 
manifestation  of  the  habitat  preferences  and 
ecological  requirements  of  the  bird  species. 
The  replacement  sequencing  and  habitat  re- 
quirements of  bird  species  during  succession 
in  a  number  of  different  communities  have 
been  examined  (Adams  1908;  Lack  19  33;  Grange 
1948;  Odum  1950;  Beckwith  1954;  Johnston  and 
Odum  1956;  Martin  1960;  Mitchell  1961; 
Haapanen  1965,  1966;  Karr  1971;  Glowacinski 
1972;  Shugart  and  James  1973;  Kricher  1973; 
Meslow  and  Wight  1975;  Soots  and  Parnell  1975; 
Winternitz  1976),  and  all  show  that  there  is 
a  high  correlation  between  bird  species  and 
vegetation  stage  (fig.  2).   Bond  (1957)  ai)d 
Shugart  and  James  (1973)  have  analyzed  the 
correlation  between  bird  and  plant  similarity 
doefficients  between  successional  stages  in 
communities  and  found  that  the  correlations 
were  both  strong  and  significant. 

The  progressive  changes  in  the  composi- 
tion and  relative  abundance  of  various  bird 
species  with  the  cropping  of  the  forest  on  a 
40-year  cycle  in  Burgundy,  France,  has  been 
examined  by  Ferry  (1960) .   He  found  that  the 
birds  could  be  placed  in  four  groups  according 
to  their  responses  to  the  changing  environ- 
ment.  The  first  group  of  birds  settle  in 
the  low  herbaceous  or  bushy  layer  with  open 
spaces  above  it,  increase  in  density,  and 
then  disappear  quickly.   The  second  group 
consists  of  species  that  arrive  fairly 


quickly  after  the  felling,  increase  in  density, 
and  then  slowly  decrease  without  disappearing 
completely  (provided  the  forest  is  not  permitted 
to  return  to  climax) .   The  third  group  includes 
those  birds  that  settle  at  a  particular,  more  or 
less  early,  stage,  increase  rapidly  at  first, 
and  then  more  slowly  as  the  populations  build  up 
to  their  limit.   The  fourth  group  contains  those 
birds  whose  populations  passed  through  a  maximum 
during  the  early  stage,  diminish  or  disappear 
when  the  undergrowth  becomes  too  dense,  and 
become  abundant  once  again  in  the  mature  plots. 
Similar  findings  have  been  reported  from  studies 
undertaken  in  different  environments,  notably 
in  pine  forests  in  Britain  (Lack  1933)  ,  spruce 
forests  in  Finland  (Haapanen  1965,  1966),  and  in 
several  different  communities  in  America  (Monson 
1941,  Hagar  1960,  Kilgore  1971,  Curtis  and  Ripley 
1975,  Webb  et  al.  1977). 


COMMUNITY  CHARACTERS 

According  to  Southwood's  (1977)  schema  (fig. 
1),  certain  community  characters  (spatial  com- 
plexity, trophic  complexity,  niche  breadth, 
standing  crop,  and  turnover)  change  during  suc- 
cession while  some  community  characters  (niche 
breadth,  trophic  complexity,  and  diversity)  also 
vary  in  terms  of  resource  level  and  constancy 
and  in  terms  of  saturation  or  interaction  selec- 
tion, exploitation  selection,  and  adversity 
selection  (see  Whittaker  1975) .   It  should  be 
stressed  that  the  aforementioned  community 
characteristics  are  highly  correlated  and  inter- 
active and,  consequently,  it  is  almost  impossible 
to  discuss  a  given  community  character  without 
making  reference  to  another  characteristic  with 
which  it  is  highly  correlated  (e.g.,  species 
diversity  and  trophic  complexity) .   In  the 
following  sections  I  will  examine  the  community 
characteristics  given  by  Southwood  (1977)  with 
particular  emphasis  on  birds. 


Spatial  Complexity 

Through  successional  stages,  the  spatial 
complexity  of  a  location  increases  and  the 
variety  of  niches  also  increases.   MacArthur  and 
Levins  (1967)  have  suggested  that  increasing  the 
dimensionality  of  resources  allows  more  species 
to  inhabit  a  community,  and  MacArthur  (1971)  has 
emphasized  that  any  habitat  containing  many 
kinds  of  patches  will  contain  bird  species  appro- 
priate to  these  patches. 

A  number  of  studies  have  attempted  to 
examine  the  relation  between  increasing  spatial 
complexity  of  vegetation  in  a  community  and  avian 
community  organization  (Cody  1974;  Tomoff  1974; 
Wiens  1974,  1976;  Willson  1974;  Balda  1975;  Roth 
1976;  Pearson  1977).   There  is  agreement  that 
more  than  one  measure  of  complexity  is  needed. 
For  example,  vertical  measures  such  as  foliage 
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Figure  2. — The  relationship  between  selected  bird  species  and  certain  stages  in  old-field  community 
succession.   The  differential  stippling  in  the  occurxenee  bars  for  each  species  indicates 
relative  abundance  (based  on  Johnston  and  Odu!trT956). 


height  diversity  (MacArthur  and  MacArthur 
1961)  and  percent  vegetation  cover  (Karr  1968, 
Karr  and  Roth  1971)  do  not  measure  horizontal 
patchiness  of  grain  of  the  habitat  (MacArthur 
1968,  Levins  1968).   Wiens  (1974)  has  devel- 
oped a  measure  of  heterogeneity  for  grasslands 
using  the  coefficient  of  variation,  and  Roth 
(1976)  has  done  the  same  for  four  bird 
communities  in  the  brush-grasslands  of  south 
Texas.   Spatial  complexity  or  habitat  hete- 
rogeneity must  be  expressed  in  vertical  and 
horizontal  spaces,  and  in  bird  studies  vege- 
tational  complexity  has  been  measured  in  terms 
of  (1)  relative  plant  species  richness,  (2) 
horizontal  foliage  heterogeneity,  and  (3) 
vertical  foliage  profile  (see  Cody  1974, 
Tomoff  1974,  Roth  1976,  Pearson  1977). 

Multivariate  statistical  analyses  have 
been  undertaken  to  determine  the  influence  of 
a  number  of  habitat  variables  on  the  distri- 
butions and  microhabitats  of  entire  avian 
communities  (James  1971,  Shugart  and  Patten 
1972,  Anderson  and  Shugart  1974,  Shugart  et 


al.  1975),  and  these  studies  also  indicate  that 
single  measures  of  habitat  complexity  as  pre- 
dictors of  bird  species  diversity  may  not  be 
universally  applicable.   Shugart  et  al.  (1975) 
have  suggested  that  multivariate  analysis  can 
be  a  powerful  tool  in  identifying  the  important 
habitat  variables  for  each  species  in  a  communi- 
ty. 

MacArthur  et  al.  (1962)  concluded  that 
patchiness  resulting  from  addition  of  layers  was 
more  important  than  the  increased  opportunity 
for  vertical  layering  of  birds.   Karr  and  Roth 
(1971)  found  a  sigmoid  relationship  which  indi- 
cated that  the  sharpest  increase  in  avian  diver- 
sity occurs  with  the  addition  of  the  shrub  and 
early  tree  layers  and  that  added  vegetation 
beyond  that  point  produced  diminishing  returns. 
Willson  (1974)  also  showed  that  the  greatest 
addition  of  guilds  (see  Root  1967)  takes  place 
as  trees  appear.   Roth  (1976)  found  that  while 
some  new  bird  species  can  be  absorbed  in  the 
additional  patches  in  the  transition  from  grass- 
land to  shrub-grassland,  others  may  be  vertically 
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segregated  because  of  the  additional  ver- 
tical habitat  space.   He  further  suggested 
that  an  increase  in  stratal  specialists  and, 
consequently,  horizontal  overlap  (see  Cody 
1974)  occurs  in  the  transition  from  shrubland 
to  forest.   Thus,  according  to  Roth,  it  would 
appear  that  increased  patchiness  helps  explain 
why  shrublands  have  more  species  than  grass- 
lands, and  by  the  same  token,  decreased 
patchiness  may  explain  why  forests  have  fewer 
bird  species  than  some  shrublands  despite 
their  having  more  vegetation  layers  or  volume. 


Trophic  Complexity 

Trophic  complexity  is  a  function  of 
several  factors  including  among  others:   (1) 
the  number  of  trophic  levels,  (2)  the  number 
of  species  at  each  level,  (3)  the  abundance 
of  each  species,  and  (4)  the  foraging  strate- 
gies of  each  species.   The  complexity  results 
from  the  interactions  of  the  component  species 
of  the  community,  and  these  interactions  can 
be  characterized  as  being  mainly  predator- 
prey  (e.g.,  the  diversity  of  prey  eaten)  and 
competitive  (e.g.,  the  degree  of  competition 
with  other  species  that  is  tolerated).   Menge 
and  Sutherland  (1976)  have  examined  predation 
and  competition  in  relation  to  trophic  com- 
plexity and  have  suggested  that  competition 
regulates  the  number  of  species  in  a  guild 
only  when  the  members  of  that  guild  actually 
compete,  i.e.,  when  they  are  near  or  at 
carrying  capacity.   They  believe  this  is 
usually  true  at  relatively  higher  trophic 
levels  because  of  the  absence  of  other  con- 
trolling factors,  e.g.,  predation.   Conversely, 
they  suggested  that  predation  characteristi- 
cally regulates  the  number  of  species  present 
in  guilds  at  relatively  lower  trophic  levels. 
When  they  extended  this  hypothesis  to  between- 
community  and  between-habitat  comparisons, 
they  predicted  that  in  communities  with  few 
trophic  levels,  competition  will  be  relatively 
more  important  than  predation  as  an  overall 
organizing  factor.   As  the  number  of  trophic 
levels  and  the  number  of  species  per  level 
increase,  predation  will  become  relatively 
more  important  as  an  organizing  factor.   Menge 
and  Sutherland  (1976)  further  suggested  that 
trophic  complexity  is  related  to  temporal 
heterogeneity  in  that  in  areas  of  greater 
temporal  heterogeneity  (i.e.,  a  less  stable, 
less  predictable,  and  more  stressful  envi- 
ronment) there  is  less  trophic  complexity  with 
increased  competitive  exclusion.   With  regard 
to  the  relationship  between  complexity  and 
stability.  May  (1976)  believes  that  a  pre- 
dictable (stable)  environment  may  permit  a 
relatively  complex  and  delicate  balanced  com- 
munity to  exist,  while  an  unpredictable  (un- 
stable) environment  is  more  likely  to  demand 
a  structurally  simple,  robust  community.   May 
(1976)  pointed  out  that  as  a  iiiathematical 


generality  increasing  complexity  makes  for  dyna- 
mical fragility  rather  than  robustness  (but  see 
McNaughton  1977). 

According  to  Southwood's  (1977)  schema  (fig. 
1) ,  trophic  complexity  decreases  with  increased 
adversity  (sensu  Whit taker  1975),  and  this 
decrease  is  associated  more  with  an  increase  in 
niche  width  than  a  decrease  in  spatial  complexity, 
although  the  latter  does  occur.   In  contrast,  on 
the  durational  stability  axis  of  Southwood's 
schema  the  relative  importance  of  niche  breadth 
and  spatial  complexity  for  trophic  complexity  is 
reversed. 

A  new  measure  of  distance  from  the  food 
source  to  any  member  of  a  food  web  has  been 
introduced  by  Kercher  and  Shugart  (1975) .   The 
measure  is  referred  to  as  effective  trophic  posi- 
tion and  is  defined  as  a  function  of  energy  in- 
gested per  unit  time  by  a  population  and  the 
production  of  the  autotrophs  necessary  to  main- 
tain that  population.   Trophic  position  thus 
defined  is  a  generalization  of  the  trophic-level 
concept  capable  of  describing  complicated  food 
webs  and  based  on  the  concept  of  ecological 
efficiency.   Pimm  and  Lawton  (1977)  have  recently 
suggested  that  the  number  of  trophic  levels  in 
a  community  may  be  constrained  by  population  dy- 
namics and  not  by  ecological  energetics.   Cohen 
(1977)  has  presented  a  new  technique  for  using 
food  webs  to  gain  information  about  the  minimum 
number  of  dimensions  of  a  niche  space  necessary 
to  represent,  in  a  specific  sense,  the  overlaps 
among  observed  trophic  niche,  and  he  concluded 
that  within  habitats  of  limited  physical  and 
temporal  heterogeneity,  the  overlaps  among  niches 
along  their  trophic  (feeding)  dimensions  can  be 
represented  in  a  one-dimensional  space. 

Considerable  work  has  been  done  on  predation 
and  competition  in  birds  in  relation  to  community 
trophic  structure.   Some  species  differ  both  in 
food  and  habitat  rather  than  either  separately, 
and  when  a  group  of  species  exploits  the  same 
class  of  resources  in  a  similar  way  in  a  community, 
the  assemblage  is  called  a  guild  (Root  1967) . 
The  spatial  and  temporal  separation  of  some  bird 
species  has  been  correlated  to  food  specializa- 
tion and  division  of  food  resources  (Edington  and 
Edington  1972),  and  Schoener  (197A)  has  discussed 
the  underlying  ways  that  similar  species  utilize 
different  resources  in  their  environment.   With 
regard  to  birds,  in  considering  the  important 
particular  dimensions  in  resource  partitioning, 
habitat  dimensions  are  more  important  than  food- 
type  dimensions,  which  are  in  turn  more  important 
than  temporal  dimensions,  and  as  the  number  of 
species  considered  increases,  so  does  the  number 
of  important  dimensions  in  resource  division. 

In  a  thorough  review  of  prey  characteristics 
and  the  range  of  resources  used  by  avian  predators, 
Hespenheide  (1975)  concluded  that  bird  species 
can  be  more  closely  packed  in  a  community  with 
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respect  to  food  than  to  foraging  behavior, 
implying  that  it  is  easier  to  adjust  behavior 
(e.g.,  foraging  zone  or  method)  to  avoid  com- 
petition than  to  change  food  habits.   Conse- 
quently, as  species  are  added  to  the  community 
diets  will  remain  as  wide  as  possible,  but 
foraging  zones  should  contract,  resulting  in 
habitat  specialists  but  food  generalists. 
Morse  (1971)  has  provided  a  detailed  review 
of  how  and  where  birds  forage  for  food,  and 
Schoener  (1971)  has  examined  theoretically 
the  feeding  strategies  of  birds  and  other  ani- 
mals with  emphasis  on  the  energetic  costs  of 
different  foraging  methods. 

Currently,  the  established  role  of  com- 
petition in  structuring  bird  communities 
(Cody  1974)  is  being  questioned  (Connell 
1975,  Wiens  1977)  because  of  the  lack  of  ex- 
perimental evidence  in  support  of  the  idea. 
Connell  (1975)  has  attempted  to  review  the 
field  evidence  (of  an  experimental  nature) 
in  support  of  the  existence  of  interspecific 
competition  in  birds  and  could  find  only  one 
study  (Davis  1973)  indicating  that  one  species 
excluded  another  from  a  particular  habitat. 
However,  this  type  of  competitive  exclusion 
has  been  proposed  frequently  to  "explain"  the 
within-  or  between-habitat  or  geographical 
segregations  of  certain  bird  species  that 
show  minimal  or  no  overlap  in  their  distri- 
butions (e.g.,  Terborgh  and  Weske  1975). 


Niche  Breadth 

The  concept  of  niche  is  closely  inte- 
grated with  spatial  and  trophic  complexity, 
and  it  is  often  difficult  to  discuss  one  with- 
out making  reference  to  the  others.   Before 
discussing  the  niche  concept,  a  distinction 
among  three  aspects  of  the  relationship  of  a 
species  to  environment  should  be  reviewed  (see 
Whittaker  et  al.  1973).   The  area  of  a  species 
is  the  geographical  range,  while  the  habitat 
of  a  species  is  composed  of  the  physical  and 
chemical  environment  as  well  as  other  factors 
(e.g.,  elevation,  topographic  position),  or 
of  a  kind  of  community.   The  niche  of  a 
species  is  the  species'  position  in  a  communi- 
ty in  relation  to  other  species  and  is  defined 
in  terms  of  space,  time,  and  functional  rela- 
tionships.  The  current  theory  of  niche,  as 
proposed  by  Levins  (1968)  and  MacArthur  (1968) 
and  recently  summarized  and  further  developed 
by  Vandermeer  (1972)  is  based  on  the  original 
definition  of  Hutchinson  (1957).  More  recent 
general  discussions  of  niche  can  be  found  in 
Colwell  and  Fuentes  (1975),  Pianka  (1976), 
Whittaker  and  Levin  (1976),   and  Kroes  (1977). 

Niche  breadth,  width,  and  size  are  fre- 
quently used  as  synonyms  in  the  literature, 
and  all  can  be  thought  of  as  the  sum  total  of 
the  variety  of  different  resources  exploited 


by  a  species  (Pianka  1976).   In  the  absence  of 
any  competitors  or  predators,  the  entire  set 
of  resources  utilized  by  the  organism  is  refer- 
red to  as  the  fundamental,  pre-interactive,  pre- 
competitive,  or  virtual  niche  (see  Vandermeer 
1972).   Rarely  if  ever  in  nature  does  a  species 
exploit  its  fundamental  niche,  but  rather  its 
activities  are  curtailed  or  modified  by  other 
species  (its  competitors  and  predators)  in  the 
community,  resulting  in  the  species'  realized, 
post-interactive,  or  post-competitive  niche 
(Vandermeer  1972).   Consideration  of  niche 
breadth  necessitates  consideration  of  foraging 
strategies  with  regard  to  specialization  and 
generalization  (see  Orians  1971,  Schoener  1971, 
Covich  1976,  Ellis  et  al.  1976,  Norberg  1977, 
Pyke  et  al.  1977,  Sih  1977).   Measures  of  niche 
breadth  have  been  provided  by  Simpson  (1949) , 
Horn  (1966),  MacArthur  and  Levins  (1967),  Colwell 
and  Futuyma  (1971),  Pielou  (1972),  Roughgarden 
(1972),  Vandermeer  (1972),  Pianka  (1975),  May 
(1975a),  and  Slatkin  and  Lande  (1976).   In  general 
niche  breadth  increases  as  resource  availability 
decreases  (Schoener  1971,  MacArthur  1972). 

Two  fundamental  components  of  niche  breadth 
are  the  "between-phenotype"  and  the  "within- 
phenotype"  components  (Roughgarden  1972,  1974). 
When  individuals  have  little  or  no  overlap  in 
resources  used  (specialists) ,  the  niche  breadth 
of  the  population  has  a  high  between-phenotype 
component,  and  in  contrast,  when  individuals 
exploit  the  entire  range  of  resources  (general- 
ists), the  niche  breadth  of  the  population  has 
a  high  within-phenotype  component.   The  subject 
of  niche  overlap  is  yet  another  central  aspect 
of  niche  theory  (May  and  MacArthur  1972,  Sabbath 
and  Jones  1973,  Pianka  1974b,  May  19  74,  McMurtrie 
1976,.  Harner  and  Whitmore  1977),  and  as  Pianka 
(1976)  has  pointed  out,  this  subject  has  gene- 
rated a  number  of  concepts  (e.g.,  competitive 
exclusion,  character  displacement,  limiting 
similarity,  species  packing,  maximal  tolerable 
niche  overlap,  and  diffuse  competition).   It 
should  be  mentioned,  however,  that  equating 
niche  overlap  with  competition  may-  be  on  occasion 
a  questionable  practice  and  is  often  misleading 
(Colwell  and  Futuyma  1971,  Connell  1975,  Pianka 
1976,  Wiens  1977).   Competitive  interactions  in 
communities  and  their  bases  have  been  thoroughly 
discussed  recently  by  Connell  (1975),  Pianka 
(1976),  Levine  (1976),  deJong  (1976),  and  Wiens 
(1977). 

There  has  been  considerable  emphasis  on 
niche  theory  in  the  work  on  avian  communities. 
Cody  (1968,  1974)  has  carefully  examined  niche 
theory  in  his  work  on  the  role  of  competition 
in  the  structuring  of  bird  communities,  and  he 
has  given  detailed  attention  to  niche  breadth 
and  overlap  in  his  treatment.   Niche  overlap 
has  also  been  studied  in  feeding  assemblages 
of  birds  in  New  Guinea  (Terborgh  and  Diamond 
1970),  in  the  avifaunas  of  Australian  islands 
(Abbott  1975),  in  passerine  birds  in  the 
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British  West  Indies  (Ricklefs  and  Cox  1977), 
and  in  passerines  in  Swedish  coniferous  wood- 
lands (Ulfstrand  1977).   Alerstam  et  al. 
(1974)  have  studied  the  niche  differentiation 
during  winter  in  woodland  birds  in  southern 
Sweden  and  on  the  nearby  island  of  Gotland. 

Several  studies  have  shown  that  bird 
species  broaden  their  niches  on  islands  by 
changing  their  vertical  foraging  distribu- 
tions, but  seldom  changing  their  foraging 
behavior  (Crowell  1962,  Diamond  1970,  Yeaton 
and  Cody  1974,  Diamond  and  Marshall  1977). 
The  origin  of  differences  in  community 
structure,  such  as  those  between  different 
islands  of  the  same  archipelago,  between 
different  localities  on  the  same  island, 
between  different  adjacent  habitats,  and 
between  different  biogeographical  regions 
have  been  reviewed  by  Diamond  (1975) .   His 
hypothesis  is  that  through  diffuse  compe- 
tition, the  component  species  of  a  community 
are  selected  and  coadjusted  in  their  niches 
and  abundances  so  as  to  fit  with  each  other 
and  to  resist  invaders.   The  relationship 
between  niche  breadth  and  the  amount  of 
morphological  variation  within  and  between 
species  has  been  examined  by  a  number  of 
investigators  (Grant  1968,  1971;  Willson  1969; 
McNaughton  and  Wolf  1970;  Keast  1972; 
Rothstein  1973;  Hespenheide  1975;  Karr  and 
James  1975;  Willson  et  al.  1975),  and 
although  the  results  suggest  that  competi- 
tive displacement  may  be  a  particularly 
important  determinant  of  avian  community 
structure,  such  comparisons  may  provide 
results  that  are  misleading  (Wilson  1975). 

Hespenheide  (1975)  has  examined  resource 
characteristics  and  consumer  niche  width  in 
birds  and  has  concluded  that  coexistence 
depends  on  maintaining  minimum  differences 
between  species  and,  for  strategic  reasons, 
space  and  behavior  are  more  easily  divided 
than  food  directly  in  competitive  situations. 
The  data  for  foliage-gleaning  species  and 
for  birds  in  general  support  this  conclusion. 


Standing  Crop  and  Turnover  Rate 

Both  standing  crop  (biomass)  and  turn- 
over rate  (productivity  divided  by  biomass) 
vary  during  succession  and  as  a  result  of 
the  adversity  of  the  environment  (see  fig. 
1) .   Standing  crop  and  productivity  increase 
throughout  successional  stages,  providing  for 
increased  spatial  complexity  (Whittaker 
1975),  but  productivity  frequently,  but  not 
invariably,  falls  in  terrestrial  communities 
as  the  climax  is  reached  (Margalef  1969) 
so  that  turnover  rate  invariably  falls  (Watt 
1971).   Holt  and  Woodwell  (in  Whittaker  1975: 
175)  have  examined  secondary  succession  in 
the  oak-pine  forests  of  Long  Island,  New 


York,  and  have  found  in  the  first  year  of 
succession,  net  productivity  is  low  and  increases 
to  a  fairly  stable  level  in  the  meadow  stage. 
Through  the  shrub  and  young  tree  stage,  net 
productivity  increases  more  steeply  in  the  young 
oak-pine  forest,  at  45  to  55  years,  and  this 
level  stabilizes  and  persists  in  the  mature 
forest.   The  growth  of  the  forest  can  also  be 
expressed  by  the  biomass  accumulation  ratio  (the 
ratio  of  biomass  to  annual  net  productivity), 
and  these  ratios  increase  from  about  1.0  in  the 
annual  stage,  to  2-4  in  the  meadow  stage,  to 
4-7  in  the  shrub  stage,  to  10  in  the  55-year 
forest  and  probably  25-35  in  the  mature  forest 
(Holt  and  Woodwell  in  Whittaker  1975:175). 

Connell  and  Orias  (1964)  have  suggested 
that  greater  plant  productivity  during  succession 
should  support  greater  diversity,  everything 
else  being  equal.   Productivity  of  the  community 
should  be  positively  correlated  with  the  close- 
ness of  species  packing  (MacArthur  1971) .   Al- 
though rigorous  data  are  scarce,  there  is 
nonetheless  some  evidence  in  support  of  this 
idea.   Bird  censuses  in  small  areas  of  4-6 
hectares  of  nearly  uniform  habitat  show  that  the 
number  of  species  generally  increases  with  the 
productivity  of  the  habitat.   If  one  compares 
the  mean  net  primary  productivity  per  unit  area 
(dry  g/m2/yr)  of  Whittaker  (1975:226)  with 
measurements  of  species  diversity  (Tramer  1969) 
in  nine  types  of  communities,  a  pattern  emerges 
that  suggests  that  the  more  productive  forest 
communities  have  the  higher  number  of  species 
(Table  2).   Cody  (1974:127)  has  also  shown  that 
the  number  of  bird  species  and  species  diversity 
are,  in  part,  correlated  with  community  produc- 
tivity. 

Glutz  von  Holtzheim  (1962) ,  working  in 
Switzerland  on  bird  communities,  suggested  that 
greater  production  in  a  forest  habitat  allows 
it  to  support  denser  populations.   Karr  (1975) 
has  also  suggested  that  differences  in  produc- 
tivity may  be  important  in  determining  the  number 
of  individuals  (not  the  number  of  species)  that 
can  breed  in  an  area  (but  see  Cody  1974:127-128). 
Several  studies  have  examined  changes  in  bird 
standing  crop  during  succession  and  in  different 
communities.   Karr  (1971)  found  a  general  increase 
in  bird  standing  crop  and  existence  energy  as 
the  ecological  age  of  abandoned  strip  mine  areas 
in  Illinois  increased.   Similar  findings  have 
been  reported  by  Sturges  et  al.  (1974)  and 
Shugart  et  al.  (1975).   In  these  studies  there 
is  general  agreement  that  bird  biomass  and 
bird  density  increase  in  older  communities,  but 
when  bird  biomass  is  plotted  on  bird  density, 
the  slopes  of  the  lines  are  often  different 
(see  Wiens  1975:238).   Shugart  et  al.  (1975) 
found  that  the  general  patterns  of  bird  standing 
crop  in  the  successional  communities  studied  by 
Shugart  and  James  (1973)  was  the  same  as  the 
pattern  of  bird  density,  indicating  that  the 
average  size  of  breeding  birds  did  not  fluctuate 
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Table   2. — Net   Primary  Production    (Annual   Basis)    of  Several   Communities    and  Bird  Species 
and  Diversity* 


Community  Type 


H" 


Net  primary  productivity 
per  unit   area    (g/m^/yr)t 


Marshes 

1 

79 ±0.34 

6.33±1.32 

Grasslands 

1 

9310.24 

5.74±1.00 

Shrublands 

3 

14+0.16 

14.0812.31 

Deserts 

3 

.25±0.60 

14.1715.68 

Coniferous    forests 

3 

,53±0.14 

17.4311.92 

Upland  deciduous    forests 

3 

82±0,08 

20.94+1.34 

Mixed  forests 

3 

92±0.14 

21.8712.76 

Floodplain   deciduous    forests 

4 

07±0.16 

24.22±2.84 

Tropical  woodlands 

5 

23±0.24 

55.14111.24 

2000 

600 

700 

90 

1300 

1200 

1200 

2000 

2200 


♦Productivity  information  after  Whittaker  and  Likens  in  Lieth  and  Whittaker,  1975:224; 
bird  information  after  Tramer,  1969. 

tUnits  are  dry  grams  of  organic  matter  per  meter  square. 


widely  through  the  successional  sequence. 
However,  they  did  note  that  in  ecotonal 
stages  the  size  of  birds  tended  to  be  larger 
on  the  average,  and  in  the  mature  forests 
the  mean  size  appeared  to  be  somewhat 
smaller.   Wiens  (1975),  in  comparing 
different  coniferous  forest  communities 
of  North  America,  found  trends  in  total  bio- 
mass  of  birds  similar  to  densities  of  birds, 
although  the  magnitude  of  fluctuation  in 
biomass  was  more  variable.   In  all  coniferous 
forest  types  biomass  increase  occurs  at 
different  rates.   The  rate  of  increase  is 
most  rapid  in  northeastern  coniferous  forests 
and  Sierra  Nevada  avifaunas  and  markedly  less 
steep  in  northwestern,  northern,  and  south- 
eastern coniferous  forests.   This  indicates 
that  the  increase  in  density  in  these  latter 
regions  is  through  the  addition  of  relatively 
small-sized  individuals  to  the  avifauna, 
while  comparable  incremental  increases  in 
avian  density  in  northeastern  and  Sierra 
Nevada  forests  involve  the  addition  of  in- 
dividuals of  larger  mean  size  (Wiens  1975). 
Moreover,  in  northeastern  coniferous  forests. 
Immature  stands,  supporting  the  same  number 
of  individuals  as  comparable  mature  forest 
stands,  contain  more  avian  biomass;  hence  the 
mean  size  of  individual  birds  is  greater  in 
the  immature  stands.   McNaughton  and  Wolf 
(1973:346-348)  have  done  a  similar  analysis 
on  the  data  of  Johnston  and  Odum  (1956),  and 
the  results  are  in  agreement  with  the  notion 
that  during  successional  changes  in  the  avi- 
fauna of  a  community,  early  stages  support 
fewer  species  and  individuals  and  less  avian 
biomass  than  older  stages,  and  the  species 
tend  on  the  average  to  be  larger  and  eco- 
logically more  dominant.   Consequently, 
during  succession  the  birds  that  invade 
tend  to  be  smaller  on  the  average  than  the 
species  they  replace.   Breeding  bird  density 


and  bird  standing  crop  in  coniferous  forests 
and  in  grassland  habitats  when  compared  show 
some  comparable  results  (Wiens  1975,  Wiens  and 
Dyer  1975). 

While  standing  crop  of  breeding  birds  in 
coniferous  forests  average  2  to  3  times  that  in 
grasslands,  energy  flow  is  nearly  10  times  as 
great  in  the  coniferous  forest.   This  probably 
reflects  the  greater  degree  of  dominance  of 
extremely  small  species  (forms  which  have  re- 
latively high  energy  demands  per  unit  of  body 
weight)  in  comparison  to  the  larger  species 
common  in  grasslands  (Wiens  1975).   Faaborg 
(1977)  has  examined  the  occurrence  of  non- 
passerines  in  terrestrial  avian  communities  with 
an  emphasis  on  metabolic  rates,  activity  levels, 
and  resource  availability.   He  concluded  that 
the  metabolically  more  conservative  nonpasserines 
can  support  larger  populations  on  a  given  amount 
of  rare  resource  and  expend  less  energy  looking 
for  these  rarer  resources.   The  differential 
occurrence  of  such  resources  in  the  tropics  and 
in  temperate  areas  probably  explains  why  more 
nonpasserines  occur  in  the  tropics  than  in 
temperate  communities. 

Wiens  (1975)  and  Wiens  and  Nussbaum  (1975) 
have  reported  that  the  avifaunas  of  coniferous 
forests  in  North  America  during  the  breeding 
season  from  1  April  to  7  October  have  an  energy 
demand  ranging  from  10.7  kcal/m^/season  in  the 
dry,  hot  forests  to  20.8  kcal/m^/season  in 
moist,  transitional  forests.   These  figures 
generated  by  simulation  models  are  in  general 
agreement  with  the  calculated  energy  demand  of 
11.3  kcal/m^/year  by  the  avifauna  of  an  oak- 
hornbeam  forest  in  southern  Poland  (Weiner  and 
Glowacinski  1975).   In  the  latter  study,  the 
authors  pointed  out  that  approximately  50%  of 
the  annual  energy  demand  occurs  during  the 
breeding  season. 
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Salt  (1957)  proposed  that  the  ratio  of 
consuming  biomass  to  standing  crop  biomass 
of  a  community  (CB/SCB)  may  be  a  measure  of 
efficiency  in  food  utilization  in  avian 
communities,  because  communities  dominated 
by  large  species  that  require  less  energy  per 
gram  of  body  weight  exhibit  a  greater  dis- 
crepancy between  consuming  and  standing  crop 
biomass.   A  number  of  authors  have  concluded 
that  there  is  an  increase  in  community  ener- 
getic efficiency  (measured  by  the  CB/SCB 
ratio)  as  succession  proceeds  towards  the 
climax  (Salt  1957,  Karr  1968,  Kilgore  1971, 
Wiens  1975),  but  McNaughton  and  Wolf  (1973: 
348)  have  noted  that  avian  production  effi- 
ciencies decline  as  succession  proceeds  in 
abandoned  agricultural  fields  in  the  south- 
eastern United  States.   Ecological  effici- 
encies relating  a  trophic  level  to  the 
preceding  level  tend  to  increase  up  the 
pyramid  of  productivity,  but  net  growth 
efficiencies  usually  decrease,  because  the 
percentage  of  food  energy  respired  tends  to 
rise  along  food  chains.   Consequently,  net 
of  production  efficiencies  need  not  increase 
up  the  pyramid;  they  may  in  fact  decline 
(Whittaker  1975:217). 

The  ratio  of  net  productivity  to  biomass 
(P/B)  or  turnover  rate  decreases  from  grass- 
lands to  forest  communities.   Thus  the  time 
it  takes  to  replace  the  peak  biomass  com- 
pletely at  a  given  successional  stage  in- 
creases as  succession  progresses.   How  do 
bird  communities  respond  to  the  different 
turnover  rates  of  vegetation  during  suc- 
cession?  Shugart  and  Hett  (1973)  found  that 
the  bird  species  composition  of  a  community 
changed  more  rapidly  than  the  plant  species 
composition  although  the  pattern  of  change 
was  the  same  between  plants  and  birds. 
Glowacinski  and  Jarvinen  (1975)  examined 
the  turnover  rate  during  secondary  succession 
in  forest  bird  communities  in  oak-hornbeam 
forest  in  Poland  and  in  Finnish  coniferous 
of  spruce  and  pine.   They  found  that  the 
shrub  phase  is  characterized  by  rapid  changes 
in  the  bird  community  and  its  rate  of  change, 
while  the  forest  proper  has  a  slowly 
changing  avian  community  and  the  rate  of 
turnover  changes  relatively  slowly. 


Species  Diversity  and  Abundance 

The  simplest  community  attributes  that 
can  be  measured  are  the  number  and  relative 
abundances  of  species  in  an  area.   It  is  not 
practical  to  study  all  the  species  of  a 
given  community,  so  that  most  workers  have 
concentrated  on  a  portion  of  a  community  or 
taxocene  (e.g.,  birds,  lizards,  trees,  ants). 
The  term  "taxocene"  (Hutchinson  1967)  means 
all  the  members  of  any  taxonomic  group  of  a 
higher  level  than  a  species.   The  emphasis 


on  species  composition  and  abundance  in 
communities  during  the  last  half  century  has 
resulted  in  a  great  number  of  measurements  of 
species  diversity  for  various  communities 
(Williams  1964).   These  quantitative  indices 
show  the  relation  between  community  structure 
not  only  in  number  of  species  but  also  in  the 
relative  number  of  individuals  of  each  species. 
There  are  a  number  of  different  indices  of 
species  diversity,  and  each  varies  in  what  it 
shows  (e.g.,  Williams  1964;  Lloyd  and  Ghelardi 
1964;  Pielou  1966,  1975;  Dickman  1968;  Lloyd, 
Zar,  and  Karr  1968;  Hurlbert  1971;  Whittaker 
1972;  DeBenedictis  1973;  Peet  1974;  Hair  1978). 

The  Shannon-Wiener  function  and  the  Simpson 
index  are  two  of  the  most  commonly  used  measures 
of  species  diversity.   Ideally  the  Shannon- 
Wiener  measure  should  be  used  only  on  random 
samples  drawn  from  a  large  community  in  which 
the  total  number  of  species  is  known.   The 
Shannon-Wiener  measure  combines  two  components 
of  diversity:   (1)  number  of  species  and  (2) 
equitability  or  evenness  of  allotment  of  indi- 
viduals among  the  species.   In  Simpson's  index, 
relatively  little  weight  is  given  to  the  common 
species.   Recently  the  utility  of  diversity 
indices  has  been  questioned  in  ecological 
studies  (Peet  1975).   The  measures  of  species 
abundance  and  diversity  have  been  reviewed 
analytically  by  May  (1975b),  and  May  (1976:158) 
has  recently  argued  for  describing  the  community 
by  its  full  distribution  of  species  relative 
abundance,  and  not  trying  to  condense  informa- 
tion into  a  single  diversity  index  which  may 
mislead  and  may  obscure  valuable  information 
on  the  few  uncommon  species  in  the  community. 

It  is  important  to  distinguish  between 
species  diversity  measurements  in  a  single 
natural  community  and  in  a  large  heterogeneous 
region.   Whittaker  (1960)  has  defined  three 
categories  of  species  diversity  patterns: 
(1)  alpha  diversity — the  diversity  in  a  sample 
drawn  from  a  single  community,  often  referred 
to  as  within-habitat  diversity;  (2)  beta 
diversity — the  diversity  that  expresses  the 
rate  of  species  turnover  between  habitats, 
sometimes  called  between-habitat  diversity;  and 
(3)  gamma  diversity — the  total  diversity  found 
in  all  the  available  habitats  in  a  fairly  large 
geographical  area.   Additional  considerations 
of  these  categories  can  be  found  in  Whittaker 
(1972),  Allan  (1975),  Tramer  (1974a),  and 
Pielou  (1975). 


Diversity  Gradients 

One  of  the  most  conspicuous  aspects  of 
the  geographical  patterns  of  bird  species 
distribution  is  the  gradient  in  numbers  of 
breeding  bird  species  from  the  poles  to  the 
equator  (Dobzhansky  1950,  MacArthur  1972:199, 
Welty  1975:413).   More  bird  species  occur  in 
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Figure  3. — The  numbers  of  land  bird  species 
breeding  in  quadrants  of  500  km  per  side 
in  different  parts  of  North  and  Central 
America  (after  MacArthur  1969  and 
MacArthur  and  Wilson  1967) . 
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Figure  4. — The  numbers  of  land  bird  species 
wintering  in  quadrants  of  500  km  per  side 
in  different  parts  of  North  and  Central 
America  (after  Tramer  1974a) . 


tropical  communities  than  in  temperate  and 
arctic  communities,  and  this  pattern  is 
found  in  most  other  terrestrial  taxa  of  large 
enough  size  (Klopfer  and  MacArthur  1960, 
1961;  MacArthur  and  MacArthur  1961;  MacArthur 
et  al.  1966;  MacArthur  1969;  Orians  1969; 
Karr  1971;  Karr  and  Roth  1971;  Schoener 
1971).   The  numbers  of  breeding  land  bird 
species  in  different  geographical  sectors 
and  communities  of  North  America  have  been 
computed  (MacArthur  1965,  1969,  1972; 
MacArthur  and  Wilson  1967;  Cook  1969; 
Tramer  1969,  1974a;  Peterson  1975),  and  as 
Tramer  (1974a)  shows,  during  the  breeding 
season  the  alpha  diversity  for  bird  species 
does  not  change  significantly  from  45°N  to 
25°N,  but  from  25°N  southward,  alpha  di- 
versity increases  as  one  moves  toward  the 
equator.   Gamma  diversity  of  breeding  birds, 
on  the  other  hand,  differs  in  both  eastern 
and  western  North  America.   In  the  East, 
gamma  diversity  decreases  from  45°N  south- 
ward to  southern  Florida  and  the  northern 
coast  of  the  Gulf  of  Mexico.   In  the  West, 
gamma  diversity  increases  all  the  way  to  the 
equator  (fig.  3).   As  can  be  seen  in  figure 
4,  during  the  winter  the  numbers  of  land 
bird  species  in  different  communities  and 
regions  of  North  America  have  also  been 


examined  (Bock  and  Lepthien  1974;  Tramer  1974a, 
1974b)  ,  and  in  winter  both  the  alpha  diversity 
and  gamma  diversity  of  bird  species  increase 
southward  (Tramer  1974a) . 

Tropical  mountain-top  communities  have 
fewer  bird  species  than  would  be  expected  on 
the  basis  of  geographical  latitude  (Orians 
1969,  Kikkawa  and  Williams  1971,  Diamond  1973), 
and  although  these  communities  have  mean  annual 
temperatures  and  short  heights  of  trees  more 
typical  of  temperate  zones,  there  is  no  winter. 
Even  though  fewer  species  occur  in  mountain 
communities  at  higher  altitudes,  Terborgh 
(1971)  has  pointed  out  that  in  Peru  an  alti- 
tudinal  transect  showed  more  forest  bird 
species  than  the  entire  eastern  United  States. 

Certain  communities  have  a  higher  avian 
species  diversity  than  others  (e.g.,  Margalef 
1963,  1968;  Recher  1969;  Tramer  1969;  Karr 
and  Roth  1971;  Cody  1974;  Rov  1975;  Reese  1976), 
and  bird  species  diversity  usually  increases 
during  succession  (e.g.,  Kricher  1973, 
Shugart  and  James  1973,  Hamilton  and  Noble 
1975).   What  are  the  factors  responsible  for 
higher  species  diversities  in  communities  as 
one  moves  toward  the  equator,  and  why  do  certain 
communities  have  higher  species  diversity 
indices  than  others? 
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PLANT-SPECIES      DIVERSITY 


FOLIAGE-HEIGHT     DIVERSITY 


Figure  5. — Bird  species  diversity  in  deciduous  forest  plots  of  eastern  United  States  in  relation 
to  (A)  plant  species  diversity  and  (B)  vegetative  structure  (after  MacArthur  and  MacArthur 
1961). 


Determinants  and  Correlates  of  Diversity 

In  an  effort  to  determine  what  factors 
account  for  species  diversity  in  selected 
forest  types,  MacArthur  and  MacArthur  (1961) 
found  that  from  the  layering  of  the  vegeta- 
tion alone  they  could  predict  the  number  of 
breeding  bird  species  in  temperate  deciduous 
forests  and  that  further  knowledge  of  the 
number  of  plant  species  did  not  improve  the 
understanding  (fig.  5A  and  5B) .   They  con- 
cluded that  height  profile  of  foliage  density 
in  the  layers  0-2  feet,  2-25  feet,  and  greater 
than  25  feet  is  important  in  determining  bird 
species  diversity,  and  they  felt  that  these 
three  layers  correspond  to  different  config- 
urations of  foliage — herbs,  shrubs,  and 
trees  over  25  feet  tall — in  five  acres  of 
habitat  (see  MacArthur  and  Horn  1969).   The 
height  profile  of  foliage  density  is  in 
fact  a  major  component  of  the  floristic 
community  that  allows  birds  to  specialize 
on  a  particular  part  of  the  habitat 
(MacArthur  1964,  Karr  and  Roth  1971,  Cody 
1975,  Roth  1976). 

That  birds  restrict  their  activities 
to  different  levels  within  a  forest  is  well 
known.   Even  though  birds  are  highly  motile 
they  are  nonetheless  characteristic  inhabi- 
tants of  a  particular  forest  stratum,  or 
even  a  particular  level  within  a  given 
stratum.   Colquhoun  and  Morley  (1943)  in  a 
paper  on  the  relative  stratal  abundance  of 
12  species  of  birds  in  Bagley  Wood  in 


England  found  that  the  majority  of  species 
utilized  several  strata  with  a  particular 
stratum  of  abundance  for  each  kind  of  bird. 
In  an  almost  pure  stand  of  Quercus  robur , 
they  identified  five  strata  utilized  by  the 
birds:   (1)  upper  canopy  (above  35  feet), 
(2)  tree  (15  to  35  feet),  (3)  shrub  (4  to  15 
feet),  (4)  herb  (3  inches  to  4  feet),  and 
(5)  ground.   Similarly,  Kendeigh  (1945)  found 
breeding  warblers  generally  stratified  (or 
even  substratif ied)  in  a  sugar  maple-beech- 
hemlock  forest  near  Albany,  New  York,  and 
concluded  that  diversification  in  niche  re- 
quirements reduced  interspecific  competition 
and  permitted  a  greater  and  more  varied  popu- 
lation to  inhabit  an  area.   Gibb  (1954)  studied 
coexistence  in  the  Parids  of  Britain  and 
demonstrated  that  different  species  fed  in 
different  strata  when  several  occurred  toge- 
ther in  the  same  habitat.   In  structurally 
simpler  habitats  than  forests  (e.g.,  grasslands, 
fields,  and  marshes),  the  opportunities  for 
within-habitat  segregation  are  less,  and  there 
are  fewer  bird  species  per  unit  area  (Cody 
1968,  Wiens  1969).   Cody  (1974:29)  pointed  out 
that  in  habitats  taller  than  3  feet  vertical 
stratification  is  the  single  most  important 
factor  in  the  segregation  of  species'  feeding 
activities. 

Orians  (1969)  found  that  the  number  of 
bird  species  in  Costa  Rica  was  not  correlated 
with  the  number  of  tree  species  but  was 
closely  associated  with  foliage  height  di- 
versity.  The  same  is  true  for  the  southeastern 
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portion  of  Australia  near  Sydney  (Recher 
1969).   In  Puerto  Rico,  MacArthur  et  al, 
(1966)  found  vertical  foraging  ranges 
expanded,  and  species  diversity  was  predic- 
table when  only  two  layers  of  vegetational 
height  profiles  were  considered.   Similarly, 
the  vertical  foraging  range  of  birds  was 
found  to  be  expanded  on  species-poor  islands 
in  Panama  Bay  in  comparison  to  mainland 
Panama  (MacArthur  et  al.  1972),   Karr  (1971) 
likewise  found  that  vertical  foraging  ranges 
in  Illinois  were  more  expanded  in  comparison 
to  Panama,  thus  documenting  the  narrower 
vertical  foraging  ranges  of  tropical  species. 
Pronounced  vertical  stratification  has  also 
been  found  in  a  dry  forest  in  Peru,  and 
moreover  the  vertical  foraging  ranges  of 
many  of  the  species  shift  as  a  function  of 
time  of  day  (Pearson  1971). 

Although  the  number  of  species  and 
their  abundance  can  be  predicted  accurately 
on  the  basis  of  height  profiles  of  foliage 
density,  MacArthur  (1964)  failed  to  predict 
just  what  bird  species  would  be  present  in 
the  complex  habitats  on  the  slopes  of  the 
Chiricahua  Mountains  of  southeastern  Arizona. 
Additional  findings  do  not  support  MacArthur's 
foliage  profile  hypothesis.   Balda  (1969) 
failed  to  find  a  significant  correlation 
between  bird  species  diversity  and  foliage 
profiles  in  ponderosa  pine  and  oak-juniper 
forests  in  Arizona.   Although  juniper  was 
the  most  abundant  tree  in  the  oak-juniper 
forests  and  had  a  good  fit  for  bird  use 
according  to  the  height  distribution  of 
the  foliage,  juniper  was  sparsely  used  by 
the  birds.   Instead  the  birds  used  the  two 
species  of  oak  more  heavily,  and  all  parts 
of  a  tree  were  used  by  the  several  bird 
species.   Total  bird  use  of  Douglas  fir 
foliage  by  height  class  was  not  correlated 
because  there  was  a  large  proportion  of  low 
foliage  that  was  underused  while  the  upper 
heights  were  overused.   Consequently,  the 
very  few  tall  Douglas  firs  in  the  area  were 
used  greatly  out  of  proportion  to  their 
availability.   Marshall  (1957)  has  earlier 
reported  similar  findings  in  his  studies  of 
bird  utilization  of  pine-oak  habitat  in 
Arizona.   In  the  latter  two  cases  the  birds 
were  probably  showing  within-habitat  segre- 
gation (e.g.,  (a)  different  parts  of  trees  or 
bushes,  (b)  different  species  of  plants,  or 
(c)  different  sections  of  the  habitat 
characterized  by  overall  differences  in  vege- 
tation structure)  (Cody  1974:23). 

Tomoff  (1974)  related  bird  species  di- 
versity to  some  measures  of  vegetative  com- 
plexity (plant  densities,  foliage  height 
diversity,  and  physiognomic  coverage  diversity) 
and  found  that  the  physiognomic  coverage 
diversity  (life  forms  divided  into  categories) 
was  significantly  correlated  with  bird  species 


diversity.   Tomoff  (1974)  concluded  that  plant 
species  diversity  may  be  highly  important  to 
desert  breeding  birds  because  each  plant 
species  may  have  peculiar  properties  which  are 
needed  by  the  birds  for  breeding.   Additional 
shortcomings  of  using  only  foliage  height 
diversity  to  predict  bird  species  diversity 
can  be  found  in  Balda  (1975),  Reese  (1976), 
Roth  (1976),  and  Pearson  (1977). 


Temporal  Aspects 

Most  studies  of  bird  species  diversity  in 
various  communities  have  concentrated  on 
breeding  birds,  and  the  seasonal  aspects  of 
avian  diversity  in  the  community  have  been 
largely  ignored.   Stewart  et  al.  (1952)  found 
that  the  composition  of  the  avifauna  changed 
throughout  the  year  in  Maryland  with  the 
greatest  number  of  species  occurring  in  the 
spring  and  the  greatest  number  of  individuals 
occurring  in  the  fall.   Kricher  (1972)  and 
Holmes  and  Sturges  (1975) ,  working  in  the  New 
Jersey  piedmont  and  in  New  Hampshire,  respec- 
tively, noted  that  bird  species  diversity 
decreased  from  summer  to  winter  as  a  result  of 
fall  migration.   Dickson  (1974)  found  that 
species  diversity  in  a  bottomland  woods  in 
Louisiana  increased  from  summer  to  winter, 
indicating  that  there  were  more  overwintering 
migrants  in  the  area  than  breeding  migrants. 
Cody  (1974:154),  working  in  the  Santa  Monica 
Mountains  in  southern  California,  and  Reese 
(1976),  working  in  the  piedmont  of  South 
Carolina,  found  that  bird  species  diversity 
increased  from  summer  to  winter  in  certain 
habitats  but  remained  the  same  or  decreased 
slightly  in  other  habitats.   These  results 
based  largely  on  alpha  diversity  measurements 
are  in  general  agreement  with  the  summer  and 
winter  gamma  diversity  measurements  of  Tramer 
(1974a).   Clearly,  considerably  more  work  is 
needed  on  the  seasonal  dynamics  of  avian 
community  ecology  if  we  are  to  gain  a  better 
understanding  of  how  avian  communities  are 
structured  and  organized. 


EPILOGUE 

In  this  presentation  I  have  attempted  to 
present  an  up-to-date  overview  of  avian  communi- 
ty ecology.   My  overview  is  fairly  representa- 
tive but  not  exhaustive.   Ecology  as  a  whole 
and  avian  ecology  specifically  is  in  the  process 
of  undergoing  major  revisions  and  reassessments 
(see  Foin  and  Jain  1977).   A  few  years  ago 
complexity  of  the  community  was  thought  to 
impart  stability  to  the  community,  but  rather 
recently  we  have  increasingly  appreciated  that 
stability  (e.g.,  climatic  stability)  is  a 
requisite  for  community  complexity,  and  when 
stability  is  not  present  complexity  cannot  be 
achieved.   Less  complex  communities  cope  better 
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with   adverse   and  unpredictable   environ- 
ments.     Goodman    (1975)    has    recently    criti- 
cally   reviewed    the   diversity-stability 
relationships    in   ecology    and   concluded    that 
there   is   no   simple   relationship  between   the 
two.      Competition  has    long  been   the   corner- 
stone of  niche   theory,   but   lately   some 
serious   doubts   have   emerged    regarding   the 
role   of    competition   in   shaping   diverse 
communities,    and   predation  is   being  examined 
more   closely.      Likewise,   many   avian   eco- 
logists   have  been   content  with    accepting 
foliage  height   diversity    as    the  best   pre- 
dictor of  bird  species    diversity,   but 
several   relatively   recent  studies   have 
cautioned    that   foliage  height   diversity   must 
be    considered  but   one   of  many    "dimensions" 
and   factors    dictating  bird  species    diversity; 
bird  behavior   and    climatic    factors    are 
receiving  more   attention.      Avian    communi- 
ties   show  seasonally   rhythmic    changes,   but 
there  has   been    little   appreciation   for   this 
fact    as    the   preponderance  of  breeding  season 
studies    attests.      We  have  much    to   learn   of 
the   energetic  efficiencies   of    the   avifauna 
ir    a   community    throughout    the  year  and   from 
year   to  year  during  succession.      In   depth 
experimental   (manipulative)    field   studies 
of   avian   communities    are  needed   if  we    are   to 
make  meaningful   statements    about   man's 
influence  on  bird   communities.      We   do  have 
some  knowledge   of   the  structure   and   function 
of   avian    communities,   but    clearly  much,   much 
more    remains    to  be  done.      Theory    abounds 
and   is    very   much   in  vogue,   but    carefully 
detailed  empirical    findings    are   needed   most. 
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in  Longleaf-Slash  Pine  Forests 
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Abstract. — Increase  in  numbers  of  habitat  niches  that  de- 
velop with  increasing  stand  complexity  is  important  to  raising 
the  species  richness  and  abundance  of  non-game  birds  in  longleaf 
and  slash  pine  forests.   Some  silvicultural  practices  decrease 
complexity  while  others  increase  it.   Practices  which  lead  to 
eradication  of  the  understory,  destruction  of  dead  trees  and 
generally  promote  monoculture  appear  to  be  deleterious  to  non- 
game  bird  populations. 


INTRODUCTION 

The  approach  of  this  paper  will  be  large- 
ly a  theoretical  discussion  of  the  response  of 
non-game  bird  populations  to  habitat  changes 
caused  by  silvicultural  practices  in  longleaf 
(Pinus  palustris)  and  slash  pine  (]P.  elliottii) 
forests.   Non-game  birds  will  be  discussed 
collectively  with  very  little  emphasis  placed 
on  individual  species.   This  is  necessitated 
by  the  dearth  of  published  literature  on  non- 
game  bird  response  to  silvicultural  practices 
in  the  southern  pine  forests. 


LONGLEAF-SLASH  PINE  TYPE 

Longleaf  pine  occurs  naturally  in  por- 
tions of  9  southeastern  states  in  a  climatic 
zone  characterized  by  long,  hot  summers  and 
mild  winters.   The  main  longleaf  pine  belt  is 
found  on  the  Atlantic  and  Gulf  Coastal  Plain, 
though  it  extends  into  the  Piedmont  and  Appa- 
lachian borders.   Soils  are  characteristically 
sandy  in  texture,  low  in  organic  matter,  have 
good  to  excessive  drainage,  and  are  low  in 
fertility.   CUSDA  1965:384-385) 

Slash  pine,  in  general,  can  be  grown 
wherever  longleaf  grows  although  its  natural 
range  is  considerably  more  restricted.   The 
natural  range  extends  from  southern  South 
Carolina  to  central  Florida  and  southeastern 
Louisiana  although  it  has  been  planted  as  far 
north  as  North  Carolina  and  west  to  East 
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Texas.   Soils  are  typically  sandy  and  range  in 
drainage  from  well  drained  to  poorly  drained. 
The  wet  soils  of  pond  margins  are  most  produc- 
tive.  (USDA  1965:458-459) 

There  are  18.3  million  acres  of  land  in 
the  longleaf-slash  pine  type.   Five  percent  of 
this  land  is  in  natural  forest  and  five  per- 
cent in  other  public  holdings.   The  forest  in- 
dustry owns  33  percent  of  the  longleaf-slash 
pine  type  with  57  percent  in  other  private 
holdings.   (USDA  1973:304-305) 

Within  the  geographical  range  of  the  long- 
leaf-slash pine  type  there  are  68  species  of 
birds  that  are  year  round  residents,  40  of 
which  are  associated  with  pine  forest  habitat. 
There  are  106  summer  residents  and  112  winter 
residents  of  which  49  and  54  respectively  are 
associated  with  pine  habitat.   (Bent  1937, 
1938,  1939,  1940,  1942,  1946,  1948,  1949, 
1950,  1953,  1968;  Robbins  et  al.  1966,  Har- 
rison 1975,  Bull  and  Farrand  1977) 


PRINCIPLES 

The  influence  of  silvicultural  practices 
on  wildlife  is  based  on  the  principles  of  the 
relationships  of  plant  community  complexity 
and  productivity  to  habitat  niche  variety  and 
carrying  capacity.   The  habitat  niche  is  the 
assimilation  of  environmental  components  nec- 
essary for  a  species  to  maintain  and  sustain 
life.   The  habitat  is  a  more  inclusive  term 
and  refers  to  the  general  environment  and 
plant  associations  within  which  a  species  is 
found.   In  this  paper  the  habitat  is  the 
longleaf-slash  pine  forest  type.   In  prin- 
ciple, habitat  niche  variety  is  directly  re- 
lated to  habitat  complexity  and  is  the  deter- 
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minant  of  the  variety  of  animal  species  that 
can  be  accommodated.   Simple  plant  communi- 
ties, such  as  an  even-aged  monoculture,  will 
not  support  as  large  a  number  of  bird  species 
as  a  more  heterogenous  community.   The  hab- 
itat niches  simply  are  not  there.   In  the 
forest,  a  tract  of  land  with  a  wide  variety 
of  stand  conditions  can  be  depended  upon  to 
provide  the  habitat  niches  for  a  wide  vari- 
ety of  bird  species.   Similarly,  within  a 
given  forest  stand  vertical  structure  com- 
plexity will  determine  habitat  niche  avail- 
ability with  the  most  structurally  complex 
supporting  the  widest  array  of  bird  species. 

Carrying  capacity  is  the  number  of  in- 
dividuals of  a  species  that  can  be  accom- 
modated in  a  given  habitat  niche.   In  gen- 
eral, in  natural  communities,  the  size  of 
the  array  of  niches  and  their  respective 
carrying  capacities  are  expressions  of  site 
productivity  potential.   The  potentially  most 
productive  sites  in  terms  of  dry  matter  pro- 
ductivity will  usually  support  the  most  struc- 
turally complex  and  species  rich  communities. 
In  addition  to  the  wide  variety  of  bird  spe- 
cies that  can  be  supported,  relatively  large 
numbers  of  individuals  within  these  species 
will  occur  in  these  communities.   This  phe- 
nomenon in  forest  communities  can  be  changed 
by  sllvicultural  procedures.   The  implemen- 
tation of  procedures  that  channel  nutrients, 
water,  and  energy  into  single  plant  species 
tend  to  greatly  reduce  natural  complexity. 
This  decreases  the  size  of  the  array  of  niches 
and  consequently  species  diversity,  an  ex- 
pression of  numbers  of  species  and  individuals 
within  species,  of  non-game  birds. 

Data  that  support  these  principles  with 
respect  to  non-game  bird  populations  have 
been  published  by  Saunders  (1936)  ,  Kendeigh 
(1948),  Odum  (1950),  Johnston  and  Odum(1956), 
Bond  (1957),  MacArthur  and  MacArthur  (1961), 
MacArthur  et  al.  (1962),  Karr  (1968),  Davis 
and  Savidge  (1971) ,  Shugart  and  James  (1973) , 
Kritcher  (1973),  and  Roth  (1976). 


COMPLEXITY  WITHIN  AND  AMONG  STANDS 

As  previously  stated  a  wide  variety  of 
habitat  niches  may  be  available  in  a  forest 
that  has  a  wide  variety  of  stand  conditions, 
i.e.,  successional  stages  and  compositions  of 
species.   The  complexity  or  heterogeneity  in 
this  area  is  referred  to  as  beta-diversity. 
The  forest  manager's  ability  to  create  a 
forest  mosaic  that  will  support  a  species 
rich  and  diverse  non-game  bird  population 
will  depend  on  his  ability  to  govern  stand 
size,  stand  structure,  and  juxtaposition  of 
stands. 


The  primary  unit  that  the  forester  deals 
with  is  the  stand,  which  is  itself  a  plant 
community.   The  sllvicultural  treatments 
applied  to  the  stand  will  determine  its  in- 
dividual complexity  or  heterogeneity  or 
alpha  diversity.   In  addition,  the  natural 
changes  in  stand  complexity  concurrent  with 
natural  development  are  important  to  rec- 
ognize in  order  to  know  what  portions  of  the 
forest  are  providing  the  habitat  niches  and 
various  levels  of  carrying  capacity  for 
givenk birds.   For  these  reasons  this  paper 
will  be  confined  to  the  influence  of  sllvi- 
cultural treatments  on  stand  complexity  as 
it  relates  to  raising  and  lowering  the  num- 
ber of  habitat  niches. 


REGENERATION  CUTTING 

The  time  of  the  final  harvest  of  long- 
leaf  and  slash  pine  stands  is  also  the  time 
of  the  beginning  of  the  new  stand.   Three 
general  methods  of  harvest  may  be  used  in 
these  timber  types  and  the  method  used  will 
determine  the  nature  of  non-game  bird  habitat. 
The  methods  are  seedtree,  shelterwood,  and 
clearcutting  followed  by  planting.   Each  of 
these  methods  is  preceded  by  prescribed 
burning  for  seedbed  preparation.   At  this 
point  there  are  two  habitat  parameters  in 
which  changes  wrought  by  the  sllvicultural 
treatment  will  be  reflected  in  bird  response. 
These  are  the  conditions  of  the  understory 
and  the  existence  of  dead  trees  left  standing. 

Generally,  seedtree  and  shelterwood  cut- 
ting will  lower  the  carrying  capacity  for 
overstory  species  but  may  raise  it  for  under- 
story birds.   In  these  methods,  prescribed 
burning  will  usually  be  carried  out  in  the 
fall  of  good  seed  years  and  followed  by  log-" 
ging.   While  much  of  the  aerial  portion  of 
the  understory  may  be  killed  by  the  fire 
most  of  the  woody  stems  will  remain  standing. 
Enhancement  of  the  non-game  bird  population 
may  stem  from  several  causes.   First  the  de- 
struction of  the  litter  layer  exposes  quan- 
tities of  seed  that  normally  would  have  gone 
undetected  by  birds  foraging  in  the  winter 
habitat.   Flocks  of  wintering  sparrows,  Rob- 
bins  and  Dark-eyed  Juncos  will  frequently  be 
seen  taking  advantage  of  this  forage  resource. 
In  addition,  where  the  woody  understory  is 
sparse,  small  mammals  will  be  made  more  vul- 
nerable to  birds  of  prey.   Sharp-shinned, 
Sparrow,  Red-tailed,  Coopers  and  Red-shoul- 
dered hawks  may  be  seen  hunting  on  recent 
burns.   Second,  the  stand  understory  will 
make  significant  recovery  in  the  first  growing 
season  following  treatment.   Many  of  the  hard- 
wood seedlings,  shrubs  and  perennial  herbs 
will  resprout  the  following  spring.   Spring 
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nesting  cover  will  in  large  part  be  missing, 
but  foraging  opportunities  should  be  rela- 
tively abundant  by  mid-growing  season. 

Seedtree  and  shelterwood  methods  have 
minimum  adverse  impact  on  the  bird  popula- 
tion.  The  degree  of  impact  will  depend  upon 
the  amount  of  residual  overstory  left  stand- 
ing and  the  length  of  time  before  the  resid- 
ual is  removed.   Because  of  the  heavier  seed 
of  longleaf,  more  residuals  are  required  to 
insure  adequate  distribution  of  seedlings 
than  is  the  case  in  slash.   Walker  (1962) 
recommended  10  to  12  seedtrees  per  acre  to 
be  left  in  a  seedtree  cut  for  longleaf  or 
alternately  40  trees  per  acre  in  a  modified 
shelterwood  with  residuals  being  removed  in 
about  two  years.   Croker  and  Boyer  (1975) 
recommended  30  sq.  ft.  of  basal  area  be  left 
of  seedbearers  in  a  longleaf  shelterwood. 
In  this  interim  period  from  time  of  the  re- 
generation cut  to  the  time  of  the  removal  of 
the  residuals  the  habitat  is  generally  pro- 
ductive following  either  method  but  mostly 
for  the  shelterwood.   Bennett  (1965)  recom- 
mended A  to  6  seedtrees  per  acre  in  seed- 
tree  cuts  and  a  basal  area  of  20  to  30  square 
feet  in  a  shelterwood  for  slash  pine  with 
residuals  being  removed  about  one  year  after 
regeneration  establishment.   The  existence 
of  a  broken  overstory  and  a  developing  under- 
story  of  seedlings,  shrubs,  and  herbs  is  a 
complex  habitat  and  one  which  has  consider- 
able niche  diversity.   Carrying  capac'lty 
for  overstory  bird  species  will  be  governed 
by  the  heaviness  of  the  cut  while  carrying 
capacity  for  understory  bird  species  will 
be  regulated  by  the  vegetation  response 
which  in  turn  will  be  regulated  by  nutrient 
and  moisture  availability.   Pine  Warblers 
will  be  abundant  in  these  stands  in  all  sea- 
sons of  the  year.   Once  the  understory  de- 
velops Yellowthroats  will  also  be  common. 
Spring  and  summer  birds  may  include  Summer 
Tanager,  Great-crested  Flycatcher,  Prairie 
Warbler,  and  Blue  Grosbeak. 

Clearcutting  followed  by  intensive  site 
preparation  and  planting  has  the  most  dra- 
matic impact  of  the  harvest  and  regeneration 
techniques  on  forest  bird  habitat.   It  is  a 
technique  employed  in  slash  pine  where  the 
stand  will  be  managed  on  a  short  rotation 
usually  not  exceeding  35  years.   It  may  be 
employed  in  longleaf  stands  on  very  pro- 
ductive sites  in  the  heart  of  the  long- 
leaf  range  along  the  Gulf  Coast  from 
Louisiana  to  western  Florida. 


This  procedure  essentially  eliminates 
bird  habitat  for  a  short  period  of  time.   The 
overstory  is  completely  removed  in  the  harvest 
and  the  remaining  vegetation  destroyed  during 
site  preparation.   Chopping,  disking,  burning, 
and  bulldozing  slashings,  stumps  and  roots  in- 
to windrows  leaves  essentially  a  bare  soil  sur- 
face with  little  forage  and  no  protective 
cover.   The  community  is  in  its  simplest  struc- 
ture and  niche  diversity  and  space  are  at  a 
minimum.   The  windrows  created  ameliorate  the 
situation  to  some  extent.   They  will  contain 
some  cover  for  shelter  and  escape.   In  addition, 
since  the  soil  in  the  windrows  is  almost  entire- 
ly top  soil  and  contains  large  quantities  of 
seed,  dense  vegetation  will  develop  in  the 
first  growing  season  after  treatment  and  offer 
both  foraging  and  escape  cover. 


Clearcutting  with  natural 
has  a  much  less  destructive  eff 
case  prescribed  fire  is  used  to 
seedbed  before  harvesting.   Aft 
the  stand  is  harvested  and  seed 
occurs  shortly  thereafter.   In 
there  is  drastic  impact  on  bird 
the  overstory  as  part  of  their 
story  species  may  be  enhanced. 
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STAND  DEVELOPMENT 

Johnson  et  al.  (1974)  recognized  5 
stages  of  development  of  young  southern  pine 
stands  that  might  be  reflected  in  non-game 
bird  population  response.   These  were:   (1) 
the  devegetated  area  produced  by  site  prepa- 
ration, (2)  seedling  stage,  (3)  sapling  or 
brush  stage,  (4)  crown  closure  to  an  age  of 
about  15  years,  and  (5)  15  years  to  the  end 
of  the  rotation.   Length  of  time  in  each  of 
these  stages  will  of  course  be  affected  by 
site  conditions,  method  of  planting,  species 
treatments  such  as  fertilization,  precommer- 
cial  thinning,  and  prescribed  burning. 

As  previously  pointed  out,  the  site  prep- 
aration stage  has  minimum  capacity  to  support 
bird  populations,  but  in  the  seedling  stage 
the  habitat  begins  to  recover.   Stransky  et  al. 
(1976)  reported  that  a  loblolly  pine  regenera- 
tion area  that  had  been  chopped  and  burned  was 
rich  in  species  of  seed  producing  grasses,  com- 
posites, legumes,  vines  and  shrubs  at  the  end 
of  the  first  growing  season  following  treat- 
ment.  This  same  type  of  response  could  be  ex- 
pected on  slash  pine  regeneration  sites  where 
the  soils  are  moderately  well  drained.   Long- 
leaf  regeneration  sites  are  typically  drier 
and  the  vegetation  response  will  usually  be 
less  rapid. 
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The  nature  of  the  habitat  in  the  seed- 
ling stage  will  be  determined  to  some  extent 
by  the  method  of  regeneration.   In  addition 
the  stocking  rates  will  influence  the  length 
of  time  until  crown  closure  and  the  severity 
of  competition  with  herbs,  shrubs,  vines  and 
hardwood  seedlings  which  add  to  habitat  com- 
plexity.  Under  favorable  conditions  dense 
stands  of  regeneration  can  be  established  by 
clearcutting,  seedtree,  shelterwood  and  di- 
rect seeding  methods.   The  removal  of  over- 
story  residuals  in  the  seedtree  and  shelter- 
wood  method  will  thin  these  stands  to  some 
extent  by  mechanical  damage  incurred  during 
logging  and  provide  growing  space  for  plants 
other  than  pines.   In  these  stands  being  nat- 
urally regenerated  usually  only  prescribed 
burning  will  have  been  done  for  site  prep- 
aration and  the  mix  of  herbs,  shrubs  and 
hardwood  seedlings  with  the  pine  seedlings 
will  create  a  substantially  complex  habitat. 
In  direct  seeding,  however,  the  site  will 
usually  have  been  devegetated  and  the  seed- 
bed prepared  by  drastic  disturbance.   In 
this  situation,  particularly  where  seedling 
establishment  is  highly  successful,  the  hab- 
itat will  rapidly  approach  the  minimum  com- 
plexity of  a  monoculture. 

Natural  regeneration  and  direct  seeding 
are  more  common  in  longleaf  pine  than  in 
slash.   Slash  pine  is  most  frequently  regen- 
erated by  planting.   Again  the  rate  of  seed- 
ling stocking  will  be  important  particularly 
for  determining  the  character  of  the  sapling 
or  brush  stage.   The  U.  S.  Forest  Service 
Wildlife  Habitat  Management  Handbook  for  the 
Southern  Region  (USDA  1971)  recommends  plan- 
ting on  a  10  ft.  X  10  ft.  or  10  ft.  x  12  ft. 
spacing  to  encourage  understory  development. 
Hawley  (1965)  presented  data  showing  that 
basal  area  in  slash  pine  planted  on  a  6  ft. 
X  6  ft.  spacing  at  age  9  years  exceeded  the 
10  ft.  x  10  ft.  spacing  by  a  factor  of  1.6. 
This  would  be  quite  an  expensive  trade-off 
in  timber  value  for  bird  habitat.   Possibly 
more  reasonable  initial  spacing  might  be 
6  ft.  x  8  ft.  or  5  ft.  X  10  ft.  where  Hawley 
(op.  cit.)  reported  basal  areas  to  be  93  per- 
cent and  83  percent  respectively  of  the  6  ft. 
X  6  ft.  spacing  and  still  provide  space  for 
understory  development. 

The  early  seedling  stage  in  both  long- 
leaf  and  slash  pine  may  provide  important 
habitat  for  grassland  users  especially  on 
site  prepared  areas.   Within  the  range  of 
these  timber  types,  summer  use  will  probably 
be  minimal.   Summer  temperatures  on  these 
areas  are  extremely  high  and  the  vegetative 
cover  that  can  serve  as  shelter  is  largely 
missing.   Some  migrants  and  winter  flocks  of 
sparrows  and  juncos  will  use  these  sites 
heavily,  however. 


The  length  of  time  that  the  stand  will 
be  in  the  seedling  stage  will  differ  greatly 
between  longleaf  and  slash.   Slash  pine  may 
be  in  the  sapling  stage  in  3  to  A  years  and 
the  stand  may  close  by  5  to  6  years  of  age. 
Longleaf  on  the  other  hand  may  remain  in  the 
seedling  stage  up  to  10  years  depending  upon 
the  severity  of  brown  spot  needle  blight.  Dur- 
ing this  time  the  stand  may  be  repeatedly  pre- 
scribed burned  on  a  3-year  schedule,  the 
impact  of  which  will  be  to  maintain  the  stand 
in  an  "old  field"  type  of  succession.  Grass- 
land and  shrub  vegetation  users  will  be  accom- 
modated in  this  situation. 

Fire  cannot  be  used  in  the  seedling  or 
sapling  stage  of  slash  pine  development  until 
the  trees  are  10  to  15  feet  high  (Cooper  1965). 
Neither  can  it  be  used  in  longleaf  pine  after 
leader  growth  begins  until  the  stems  are  at 
least  10  feet  high.   The  absence  of  fire  in 
the  habitat  hastens  the  change  from  a  primarily 
herbaceous  community  to  a  primarily  woody  plant 
system  which  largely  eliminates  niche  space  for 
grassland  users.   During  the  sapling  stage  how- 
ever when  the  shrub  and  hardwood  seedling  com- 
ponent of  the  habitat  is  building  and  prior  to 
crown  closure  by  the  pines,  the  community  is 
quite  complex  and  will  provide  for  a  large  pop- 
ulation of  non-game  birds.   In  short  rotation 
systems,  the  bird  niche  diversity  and  niche 
space  is  at  the  highest  point  that  will  occur 
in  the  life  of  the  stand  in  intensive  manage- 
ment situations.   The  duration  of  this  high 
carrying  capacity  situation  is  probably  no 
more  than  3  years  in  slash  pine  on  moist  sites 
where  understory  development  is  rapid  although 
it  is  offset  by  rapid  crown  closure.   In  long- 
leaf  stands  it  may  last  for  6  to  8  years  or 
more  due  to  the  growth  habit  of  longleaf  where 
branching  is  not  heavy  and  although  the  sap- 
lings are  putting  on  considerable  height 
growth  there  remains  a  great  deal  of  growing 
space  for  shrubs  and  hardwoods.   The  best  long- 
leaf  sites  will  support  a  considerably  complex 
habitat  in  this  stage  but  on  drier  areas  shrub 
and  hardwood  grpwth  will  be  slow  and  herbaceous 
plants  will  make  up  a  considerable  portion  of 
the  vegetation. 

Closing  of  the  stand  is  accompanied  by  a 
drastic  decrease  in  bird  niche  diversity  and 
carrying  capacity.   The  plant  community  ap- 
proaches the  pure  monoculture  where  habitat 
complexity  is  minimum.   During  this  stage  most 
of  the  bird  activity  will  occur  along  the 
edges  of  the  stand.   Brown  Thrashers,  thrushes 
and  Towhees  will  frequent  these  stands  but  the 
non-game  bird  species  diversity  will  be  con- 
siderably lower  than  in  the  previous  stage. 
The  change  will  usually  be  more  dramatic  in 
slash  pine  than  in  longleaf. 
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From  stand  closure  to  age  15  to  20  years 
the  stand  remains  relatively  simple.   Slash 
pine  being  managed  on  a  short  rotation  will 
be  dense  with  little  to  no  understory.  Long- 
leaf  pine  will  be  somewhat  more  complex 
with  degree  of  complexity  depending  upon 
frequency  of  prescribed  fire. 

At  15  to  20  years  the  amount  of  light 
reaching  the  forest  floor  should  increase 
as  some  expression  of  dominance  creates  ir- 
regularities in  the  canopy.   Light  penetra- 
tion enhances  understory  development  al- 
though the  new  population  of  plants  may  be 
sparse  and  unthrifty.   At  the  very  best 
there  is  some  additional  complexity  to  add 
small  but  new  niches.   The  newest  and  ex- 
panding niche  at  this  stage  however  is  the 
availability  of  tree  trunks  for  bole  feeders 
such  as  the  Downy,  Hairy,  and  Red-cockaded 
Woodpeckers,  and  Red-breasted,  White- 
breasted,  and  Brown-Headed  Nuthatches.   In 
addition,  Mourning  doves  will  nest  in  stands 
in  this  stage  of  development. 

From  15  to  20  years  of  age  until  com- 
mercial thinning  or  the  end  of  rotation  in 
short  rotation  stands,  the  complexity  of  the 
bird  niche  diversity  and  carrying  capacity 
increase  slowly.   At  about  age  35  in  short 
rotation  management  the  stand  will  be  har- 
vested and  regenerated.   In  long  rotation 
stands,  thinnings  and  natural  mortality 
will  begin  to  open  up  the  stand  enough  to 
allow  understory  development  and  increase 
complexity.   As  the  understory  develops, 
niche  diversity  and  carrying  capacity  will 
increase  to  around  50  to  60  years  of  age 
depending  upon  site  conditions  and  frequen- 
cy of  prescribed  fire. 

Walker  (1962)  indicated  that  final  har- 
vest of  longleaf  may  occur  at  age  70  in  long 
rotation  but  may  go  to  120  years.   The  most 
significant  new  feature  in  old  growth  stands 
is  the  presence  of  large  dead  trees  resulting 
largely  from  lightning  strikes  and  insect 
attack.   These  are  extremely  important  hab- 
itat features  to  the  non-game  bird  popula- 
tion.  Size  of  the  carrying  capacity  is  de- 
pendent on  the  density  of  dead  trees.  There 
are  17  cavity  nesters  that  use  dead  trees  in 
the  longleaf-slash  pine  type.   These  species 
are  most  abundant  in  old  growth  stands  and 
least  abundant  in  young  stands  devoid  of 
standing  dead  trees. 


INTERMEDIATE  TREATMENTS 

Fertilization 

Fertilization  is  a  treatment  used  more 
in  slash  pine  than  in  longleaf  and  primarily 


in  young  stands  under  intensive  management. 
Phosphorus  and  a  combination  of  phosphorus 
and  nitrogen  are  the  most  used  elements.   They 
have  been  applied  at  two  stages,  the  seedling 
stage  and  again  at  about  age  25  to  30.   Ferti- 
lization has  two  effects  in  the  seedling  stage. 
First,  and  most  importantly  when  N  is  used,  the 
herbaceous  plant  growth  is  stimulated.   This 
adds  complexity  to  the  habitat  but  more  impor- 
tantly it  probably  adds  to  bird  carrying  ca- 
pacity.  Second  the  fertilization  effect  re- 
duces the  amount  of  time  in  the  seedling  stage 
and  shortens  the  length  of  time  until  crown 
closure.   The  effect  is  to  reduce  the  period 
of  time  in  which  a  short  rotation  stand  is  at 
its  highest  carrying  capacity  for  birds  but 
probably  raises  the  carrying  capacity  during 
this  time. 

If  fertilization  is  done  again  when  the 
stand  is  25  to  30  years  old,  it  is  carried  out 
in  combination  with  thinning.   The  most  impor- 
tant effect  on  birds  will  be  on  understory  de- 
velopment.  The  interaction  of  increased  nutria 
ents  and  light  should  greatly  enhance  growth 
of  tolerant  shrubs  and  hardwoods  and  improve 
the  quality  of  the  habitat. 


Prescribed  Fire 

Management  of  longleaf  and  slash  pine  is 
at  least  impractical  and  probably  impossible 
without  prescribed  fire.   In  both  species  the 
need  for  control  of  hazardous  fuel  build-up, 
control  of  understory  development,  and  seed- 
bed preparation  exists.   As  previously  pointed 
out,  periodic  fire  in  longleaf  pine  in  the 
grass  stage  is  necessary  for  brown-spot  needle 
blight  control  before  leader  growth  can  begin. 
Burning  on  about  a  3-year  schedule  during  this 
period  suppresses  shrub  and  hardwood  develop- 
ment and  enhances  herbaceous  growth.   Grass- 
land species  benefit  but  where  shrubs  are  al- 
lowed to  encroach,  niches  are  added  for  the 
shrubland  species. 

Fire  must  be  kept  out  of  seedling  stage 
slash  pine  and  the  small  sapling  stage  of  both 
slash  and  longleaf.   After  this  period,  fire 
must  be  used  for  hazardous  fuel  and  hardwood 
control.   It  has  three  impacts  on  the  bird  hab- 
itat:  (1)  control  of  the  understory  keeps  niche 
diversity  low,  (2)  reduction  of  the  litter 
(rough)  exposes  seeds  that  would  not  otherwise 
be  available  for  forage,  and  (3)  destruction 
of  dead  trees  which  eliminates  niches  for  dead 
tree  feeders  and  cavity  nesters. 

There  are  3  considerations  in  prescribing 
fire  that  will  determine  the  nature  of  the  im- 
pact.  First,  the  season  of  burning  is  an  im- 
portant criterion  determining  impact  on  the 
understory  as  well  as  direct  impact  on  the 
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birds.   Burning  during  the  spring  and  summer 
months  may  destroy  nests  of  ground  nesting 
birds  as  well  as  those  of  birds  nesting  in 
low  understory.   Spring  and  summer  fires 
are  more  effective  in  killing  understory 
than  fall  and  winter  burns.   To  minimize 
adverse  impact  the  objective  should  be  to 
control  understory  development  rather  than 
eradicate  it. 

Second,  frequency  of  fire  is  the  most 
important  criterion  determining  structure  of 
the  stand  understory.   Fire  is  recommended 
in  southern  pine  management  on  a  3  to  5 
vear  schedule.   Burning  more  often  than 
every  3  years  tends  toward  eradication  of 
shrubs  and  hardwoods  and  greatly  lowers 
bird  niche  diversity.   As  previously  pointed 
nut,  understory  control  is  tolerable  in  non- 
i;ame  bird  habitat  but  eradication  has  a  ser- 
ious adverse  effect.   Where  the  fuel  build- 
up can  be  tolerated,  burning  on  a  5-year 
schedule  is  preferable  to  a  3-year  schedule. 


natural  decay.   In  addition  charring  of  the  bole 
surface  and  burning  out  cavities  tends  to  de- 
tract from  their  usability. 


Thinnings 

Precommercial  thinnings  in  slash  pine  have 
been  recommended  by  Jones  (1974)  and  Langdon 
and  Bennett  (1976).   It  is  recommended  that 
precommercial  thinning  be  carried  out  at  least 
by  age  3  and  be  done  whenever  stand  density  ex- 
ceeds 1000  stems  per  acre.   Numbers  of  residuals 
would  depend  upon  product  goals.   Jones  (op.  cit.) 
recommended  mechanized  thinning  by  cutting 
swaths  8  to  10  feet  wide  and  leaving  strips  4 
to  8  feet  wide.   Such  a  disturbance  to  the 
stand  would  of  course  add  to  its  complexity  in 
vegetation  structure  and  species  composition. 
It  will  change  a  stand  in  which  the  crov^ms 
have  closed  and  carrying  capacity  dropped  to 
a  minimum  to  habitat  favorable  to  a  large  vari- 
ety of  non-game  bird  species. 


And  third,  the  type  of  fire  used  has 
bearing  on  the  nature  of  the  effect.   Back 
fires  (burning  against  the  wind)  move  slower, 
remain  at  the  base  of  the  hardwood  stems 
longer,  and  are  likely  to  produce  more  hard- 
wood control  than  other  types.   Even  though 
the  kill  may  be  greater,  the  back  fire  does 
not  blacken,  defoliate,  and  "de-branch"  the 
shrubs  and  hardwoods  and  thereby  have  the 
immediate  dramatic  impact  of  headfires  (burn- 
ing with  the  wind)  or  flank  fires  (burning 
parallel  to  the  wind) .   Headfires  and  flank 
fires  are  used  primarily  for  fuel  control 
and  can  only  be  used  when  the  crown  of  the 
pines  are  far  above  the  ground.   Backfires, 
however,  can  be  used  in  young  stands. 

In  the  case  of  the  Red-cockaded  Wood- 
pecker, much  has  been  made  of  the  need  for 
frequent  fires  to  maintain  open  stands  for 
foraging  by  the  bird.   Based  on  24,300  ob- 
servations on  6  separate  clans  and  taken 
over  the  period  of  one  year,  we  have  found 
that  the  bird  uses  longleaf  and  loblolly 
stands  with  well  developed  understories  at 
least  with  the  relative  frequency  of  stands 
with  no  understory.   To  maintain  simple 
structured  stands  for  the  Red-cockaded  is, 
in  our  opinion,  not  necessary  and  is  to  the 
detriment  of  a  more  species  rich  non-game 
bird  population. 

The  numbers  of  standing  dead  trees  in 
the  forest  is  affected  by  the  frequency  and 
intensity  of  fire.   These  trees  are  important 
as  a  foraging  medium  for  woodpeckers  and  to 
provide  nest  space  availability  for  cavity 
nesters.   Frequent  fires  will  destroy  dead 
pines  long  before  they  would  fall  from 


Commercial  thinnings  that  may  be  used  in 
slash  and  longleaf  pine  are  of  four  general 
types:   (1)  low,  (2)  crown,  (3)  selection,  and 
(4)  mechanical.   Smith  (1962:92)  gave  genera- 
lized curves  describing  the  distribution  of 
DBH  classes  that  would  be  removed  in  each  of 
these  procedures  (fig.  1).   By  assuming  that 
crown  sizes  are  roughly  correlated  with  DBH 
one  can  get  some  idea  of  the  relative  amounts 
of  understory  response. 

The  low  thinning  where  trees  with  crowns 
in  suppressed  or  intermediate  classes  are  re- 
moved may  change  the  light  regime  at  the  for- 
est floor  to  some  extent  but  not  very  much. 
Understory  vegetation  may  be  slightly  stimu- 
lated but  not  enough  to  significantly  change 
niche  diversity  although  carrying  capacity 
may  be  improved  to  some  extent . 

The  crown  thinning  may  remove  trees  in 
all  crown  classes  but  it  will  concentrate  on 
dominants  and  codominants.   This  will  have  a 
major  impact  on  the  understory.   Niche  divers- 
ity and  carrying  capacity  will  be  enlarged. 
Crown  thinning  will  more  often  be  carried  out 
in  natural  stands  than  planted  stands  and  is 
usually  the  first  thinning  to  be  applied. 

Selection  thinning  may  be  done  at  any 
time  but  concentrates  on  the  removal  of  domi- 
nants.  Again,  since  the  larger  crowns  are  be- 
ing removed,  a  considerable  response  can  be 
expected  in  the  understory  giving  added  com- 
plexity to  the  stand. 

Mechanical  thinning  is  mostly  applied  to 
plantations  where  rows  of  trees  can  be  removed 
without  regard  to  the  quality  or  potential  or 
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Figure  1. — Distribution  of  diameter  classes  that  would  be  removed  by 
4  methods  of  thinning  (after  Smith  1962:92). 
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residual  stems.   It  is  usually  a  pulpwood 
cut  made  at  a  time  in  the  life  of  the  stand 
when  a  light  understory  is  just  beginning  to 
develop.   The  treatment  raises  the  stand 
from  relatively  nonproductive  conditions  in 
torms  of  potential  to  accommodate  birds  to 
one  which  may  be  very  productive. 


Sanitation  and  Salvage  Cutting 

The  last  silvicultural  treatment  to  be 
discussed  is  sanitation  and  salvage  cutting. 
These  are  the  least  intensive  procedures 
and  yet  have  one  of  the  most  important  im- 
pacts on  non-game  bird  populations.   Light- 
ning and  insect  attack  are  the  primary 
causes  for  slash  and  longleaf  pine  mortality. 
Cavity  nesting  species,  of  which  there  are 
17  in  the  longleaf-slash  pine  type  (Table  1), 
are  almost  totally  dependent  on  this  mor- 
tality for  nexting  opportunities.   I-rtiere 
salvage  operations  remove  wounded  trees  be- 
fore they  decay  to  a  state  usable  by  birds, 
the  cavity  nesters  are  largely  missing  in 
the  non-game  bird  population. 

Table  1. — Cavity  nesting  species  that  use 
dead  trees  in  the  longleaf-slash  pine  type. 


and/or  precluding  niche  development.   Long  ro- 
tation management  provides  for  longer  periods 
of  time  when  the  stand  may  accommodate  large 
bird  populations  than  does  short  rotation 
management.   Cutting  methods  for  natural  regen- 
eration and  thinning  practices  enhance  stand 
complexity  and  provide  for  a  wide  variety  of 
birds.   Precommercial  thinning  creates  highly 
productive  habitat  in  what  was  previously  a 
simple  monoculture.   Prescribed  burning  is  a 
necessary  practice  in  longleaf-slash  pine 
management,  but  when  carried  out  with  the  ob- 
jective of  eradicating  understory  rather  than 
controlling  it,  the  practice  has  a  highly 
detrimental  effect  on  non-game  bird  habitat. 
Furthermore  the  loss  of  dead  standing  trees 
during  prescribed  burning  can  have  a  dramatic 
impact  on  the  cavity  nesters.   Cavity  nesters 
should  be  managed  for  by  tempering  intensity 
of  sanitation  and  salvage  cutting. 
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Bird  Communities  Associated  With  Succession  and  Management 
of  Loblolly-Shortleaf  Pine  Forests 
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Abstract. — Published  data  from  17  winter  and  32  summer 
bird  censuses  were  used  to  determine  changes  in  bird  species 
composition,  richness,  and  density  in  relation  to  plant 
succession  and  forest  management  in  loblolly-shortleaf  pine 
forests.   Recommendations  for  habitat  management  are  offered. 


INTRODUCTION 

Birds  are  a  major  faunal  component  of  our 
forests.   They  are  becoming  a  more  valued 
recreational  resource  as  man  modifies  and 
eliminates  forests  (Payne  and  DeGraaf  1973) . 
Birds  are  useful  as  indicators  of  hazardous 
environmental  conditions;  the  cases  of  DDT  and 
PCB ' s  provide  good  examples  of  how  bird  popu- 
lations can  forewarn  us  of  potential  hazards 
of  pollutants.   Bird  populations,  because  of 
their  great  mobility,  are  important  seed 
dispersers  and  vectors  of  diseases  (Shugart 
et  al.  1975) .   However,  there  are  few  data 
relating  to  the  ecological  roles  of  birds  in 
forest  ecosystems.   Research  on  this  subject 
has  been  emphasized  for  less  than  two  decades 
and  has  established  only  a  basic  understanding 
of  forest  avifauna. 

Likewise,  forest  management  for  birds 
other  than  a  few  game  species  has  received 
serious  consideration  only  recently.   In  the 
past  wildlife  management  was  synonymous  with 
game  management.   "Nongame"  management — 
management  of  wildlife  other  than  game  and 
jommercially  important  species — is  largely  a 
product  of  increased  environmental  awareness 
in  the  1970' s.   But,  the  term  "nongame"  is  a 
vague  one  that  does  not  describe  animals;  it 
only  tells  us  what  they  are  not.   Wildlife 
management  should  not  be  approached  on  game 
and  nongame  terms  but  on  a  holistic  basis 
with  consideration  for  entire  plant  and 
animal  communities.   The  purpose  of  this 
paper  is  to  describe  the  possible  bird  com- 
munities that  are  associated  with  successional 
stages  of  loblolly-shortleaf  pine  (Pinus 
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taeda-P .  echinata)  forests  and  how  they  can  be 
managed  in  ways  compatible  with  sound  manage- 
ment of  other  forest  resources. 


THE  LOBLOLLY-SHORTLEAF  PINE  PLANT  COMMUNITY 

The  loblolly-shortleaf  pine  forest  type, 
a  major  component  of  the  southeastern  forest 
(fig.  1) ,  is  widely  distributed  throughout 
the  Southeast  in  both  the  Piedmont  and  Coastal 
Plain  provinces,  except  in  Florida  and 
Tennessee.   The  loblolly-shortleaf  type  includes 
forests  composed  of  50  percent  or  more  loblolly 
pine,  shortleaf  pine,  and  other  southern  pines, 
except  longleaf  (P^.  palustris)  and  slash  (P^. 
elliottii) .   Loblolly  and  shortleaf  pines  occur 
separately  or  in  combination  and  are  commonly 
associated  with  oak  (Quercus  spp.),  hickory 
(Carya  spp . ) ,  and  sweetgum  (Liquidambar 
styraciflua)  (U.  S.  Forest  Service  1969) . 

Loblolly-shortleaf  forest  is  a  subclimax 
or  developmental  stage  in  a  successional  sere 
leading  to  oak-hickory  climax.   Oak-hickory  and 
other  hardwoods  formed  the  original  cover  of 
much  of  the  region  (Oosting  1942,  Wahlenberg 
1949).   But,  in  the  Coastal  Plain  large  areas 
were  forested  with  subclimax  pines.   Fire,  and 
agriculture  practiced  by  the  Indians  were 
important  factors  in  arresting  succession. 
Even  in  the  Piedmont,  extensive  pine  forests 
occurred  on  dry  upland  sites  on  gray  soils 
derived  from  granite,  gneiss,  sandstone,  or 
slate;  hardwoods  dominated  sites  on  red  clay 
loams  (Pinchot  and  Ashe  1897,  Harper  1943, 
Nelson  1957,  Brender  1974). 

Land  Use  History 

Beginning  late  in  the  18th  Century,  a 
wave  of  settlement  moved  southwestward  from 
Virginia  and  North  Carolina,  and  in  little  over 
a  half  century  the  entire  region  was  settled  by 
subsistence  farmers  and  planters.   Most  of  the 
loblolly-shortleaf  type  is  in  the  old  Cotton 
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LOBLOLLY -SHORTLEAF  PINE 


igure  1. — Loblolly-shortleaf  pine  forest  of  the  southeastern  United  States. 

(U.  S.  Forest  Service  1969) . 


3elt  where  intensive  agriculture  and  the 
lature  of  the  climate,  soils  and  topography 
:ombined  to  produce  severe  soil  erosion  and 
Loss  of  fertility.   There  were  several  periods 
3f  land  abandonment,  the  most  recent  and  most 
Important  coinciding  with  the  economic  depres- 
sion and  invasion  by  the  cotton  boll  weevil 
(Anthonomus  grandis)  in  the  1920's.   Abandoned 
fields  were  invaded  by  loblolly  pine  and,  on 
irier  sites,  shortleaf  pine.   Virtually  all  of 
::he  natural  stands  of  loblolly-shortleaf 
remaining  today  developed  on  abandoned  agri- 
rultural  fields.   Most  stands  established 
Defore  1945  have  been  heavily  cut.   Some  have 
regenerated  naturally;  others  have  been 
planted  and  are  under  management  for  pulpwood. 

Secondary  Succession 

)ld  Field  Stage 


In  the  second  year  the  dominant  species  are 
aster  (Aster  pilosus)  and  ragweed  (Ambrosia 
artemisii folia) .   Broomsedge  (Andropogon  spp . ) 
attains  dominance  in  the  third  year  and  persists 
until  shaded  out  by  pines,  which  begin  to  appear 
in  the  third  year.   Various  shrubs  (e.g.  Rubus, 
Rhus,  Prunus)  and  small  deciduous  trees  also 
occur  with  the  pines  until  canopy  closure 
(Costing  1942,  Johnston  and  Odum  1956). 

Elsewhere  in  the  loblolly-shortleaf  type, 
succession  is  less  uniform  and  less  predictable. 
This  is  especially  true  of  the  early  stages 
where  species  composition  of  invading  annuals 
and  perennial  grasses  may  vary  with  structure 
and  fertility  of  soils,  drainage,  and  previous 
land  use.   Soil  fertility  may  also  affect 
species  composition  and  growth  rates  of  trees. 

Pine  Forest  Stage 


On  Piedmont  uplands  the  first  serai  stage 
Ls  a  succession  of  herbs  and  grasses  through 
:he  fifth  year.   Crabgrass  (Digitaria 
sanguinalis)  and  horseweed  (Erigeron  canadense) 
iominate  the  first  growing  season  following 
:ultivation  in  the  Piedmont,  and  young  plant 
jrowth,  less  than  0.3  m,  is  present  during  the 
first  bird  breeding  season.   Taller  growth  up 
:o  2  m  develops  by  the  end  of  the  first  year. 


By  the  11th  year  pine  dominates  well 
seeded  areas.   Trees  are  2.4-4.6  m  tall  with  a 
broomsedge  and  shrub  groundstory  (Costing  1942) 
Tree  density  is  dependent  on  ample  seed 
stocking,  but  differences  in  density  diminish 
as  stands  age;  dense  pine  thickets  thin  natu- 
rally on  fertile  sites  and  open-growth  stands 
form  closed  canopies  (Brender  1973) . 
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Canopy  closure  usually  occurs  between  10 
and  20  years.   Only  small  patches  of  ground- 
story  plants  exist  in  dense  stands  of  this  age 
class;  there  is  essentially  only  one  stratum 
of  vegetation.   More  open,  natural  pine  stands 
have  hardwoods  of  tree  size  which  slowly  but 
steadily  increase  (Costing  1942) . 

A  shade  tolerant  hardwood  understory 
appears  in  the  later  serai  stages  of  the  pine 
forest  (fig.  2) .   The  decline  in  pine  density 
is  accompanied  by  a  steady  increase  in  density 
of  hardwoods.   Natural  pine  stands  60  to  100 
years  old  have  a  well  developed  hardwood 
understory  and  ground  cover. 
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Figure  2. — Piedmont  forest  succession  from 
loblolly-shortleaf  pine  to  oak-hickory 
hardwoods.   (redrawn  from  Costing  1942). 


Mixed  Pine-Hardwood  Stage 

During  the  transition  from  pine  to  hard- 
wood forest,  habitat  conditions  are  quite 
diverse.   For  this  discission  we  define  mixed 
pine-hardwoods  as  stands  with  greater  than  10 
percent  and  less  than  50  percent  loblolly, 
shortleaf,  and  other  southern  pines,  except 
slash  and  longleaf.   Mixed  stands  usually 
occur  in  age  classes  between  80  and  120  years 
(fig.  2) ;  however,  younger  stands  can  have  a 
substantial  amount  of  hardwoods  depending  on 
site  conditions.   Brender  (1973)  states  that 
on  poor  sites,  red  heart  disease  (caused  by 
Fomes  pini)  becomes  established  earlier,  and 
pine  stands  begin  to  break  up  at  age  60. 
Also,  when  pines  are  cut,  many  stands  revert 
to  hardwoods  (Wahlenberg  1949) ;  in  the  absence 
of  fire,  root  stock  of  hardwoods  in  the  under- 
story is  released  when  pines  are  removed. 

Mixed  pine-hardwoods  develop  three 


vertical  strata  of  vegetation — groundstory 
(0-3  m) ,  understory  (3  to  10  m) ,  and  overstory 
(over  10  m) .   Hortizontal  clumping  (patchiness) 
is  more  prevalent  in  mixed  stands.   Lightning, 
red  heart  disease,  and  the  southern  pine  beetle 
(Dendroctonus  frontalis)  cause  small  openings 
and  thereby  create  uneven  age  classes.   Snags 
(dead  standing  trees)  become  more  abundant  as 
the  pine  forest  is  replaced  by  mature  oak- 
hickory  forest. 


AVIAN  COMMUNITIES 

We  divided  the  avian  community  into  the 
two  major  populations — winter  populations  and 
summer  breeding  populations.   More  data  have 
been  accumulated  on  breeding  bird  populations. 
Data  collected  in  spring  and  summer  are  more 
reliable  than  those  collected  during  winter  or 
migratory  seasons  because  of  breeding  season 
territoriality  in  most  bird  species.   Large 
flocks  of  winter  foragers  or  migrants  compli- 
cate studies  at  other  times  of  the  year. 
Statistical  differences  in  non-breeding  bird 
studies  are  difficult  to  detect  because  of  high 
variances  or  low  sampling  effort. 

For  this  review  we  analyzed  winter  bird 
populations  from  17  census  locations  through- 
out the  Southeast  (table  1) .   These  censuses 
include  from  1  to  10  years  of  data  and  range 
through  the  succession  of  loblolly-shortleaf 
pine  to  mature  oak-hickory  forests.   We  also 
analyzed  summer  breeding  bird  communities  from 
31  census  locations  with  1  to  16  years  of  data 
(table  2) . 

Temporal  Patterns 

In  the  eastern  United  States  a  large  pro- 
portion of  the  bird  species  are  migratory. 
Some  species  migrate  to  the  Southeast,  while 
other  species  cross  the  Gulf  of  Mexico  and 
spend  the  winter  months  in  the  Neotropics. 
There  also  are  resident  or  sedentary  species, 
such  as  the  Carolina  Chickadee  (Parus 


carolinensis) 


2/ 


and  Tufted  Titmouse  (P. 


bicolor) .   With  migration,  bird  communities 
change  seasonally.   During  the  spring  and 
summer,  breeding  territories  are  established 
and  individual  breeding  birds  are  relatively 
sedentary.   However,  in  the  winter  months  inter- 
specific flocks  are  common  in  most  habitats. 
For  example  Kinglets  (Regulus  spp.),  a  northern 
coniferous  forest  breeder,  are  abundant  winter 
residents  in  the  southeastern  forest  and 
usually  are  found  in  pine  forests  with  large 
groups  of  chickadees  and  titmice. 


2/  All  common  names  are  those  standardized 
and  listed  with  scientific  names  by  the  American 
Ornithologists'  Union  check-list  committee 
(American  Ornithologists'  Union  1957,  1973, 
1976)  . 
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Table  1. — Locations  and  habitat  data  for  winter  bird  population  censuses  of 
loblolly-shortleaf  pine  communities. 


Percent 

Stand 

Years 

Census 
No. 

Location 

Plot 
size 

Stand 
type 

pine 
overstory 

agei/ 

of 
data 

2/ 
Source— 

1 

Moulton,  Ala. 

20  ha 

pine 

70% 

7  yrs. 
(60%) 

1 

AFN  24(3) 

2 
3 
4 

Livingston  Par.,  La. 
Livingston  Par.,  La. 
Proffil,  Va. 

12 
12 
18 

pine 
pine 
pine 

88 
100 
100 

6 

20 

0^35 

1 
1 
7 

Noble  and  Hamilton  1976 
Noble  and  Hamilton  1976 
AFN  2-8(3) 

5 

El  Dorado,  Ark. 

5 

pine 

57 

'\.35 

2 

AFN  15-16(3) 

6 

Pine  Bluff,  Ark. 

22 

mixed 

30 

30 

1 

AFN  10(3) 

7 
8 

Livingston  Par.,  La. 
El  Dorado,  Ark.  — 

12 
9 

pine 
pine 

100 
90 

45 
mature 

1 
5 

AB  28(3) 
AFN  7-12(3) 

9 

Natchitoches  Par.,  La. 

9 

pine 

50 

mature 

5 

AB  25-28(3) 

10 

El  Dorado,  Ark. 

9 

mixed 

25 

mature 

6 

AFN  5-8,10-11(3) 

11 

4/ 
North  Wilksboro,  N.C.— 

16 

mixed 

■J 

(60%) 
mature 

9 

AFN  18-19,21,23-24. 

12    Savannah,  Ga. 


10 


mixed 


30 


mature   10 


5/ 


AB  25-26,29(3) ,30(6) 
AFN  18-24; 
AB  25-27(3) 


13 

Moulton,  Ala.- 

20 

14 

Raleigh,  N.C. 

5 

15 

Raleigh,  N.C. 

4 

16 

Livingston  Par. 

La. 

12 

17 

McLean ,  Va . 

11 

mixed 

25 

oak- 

<  5 

hickory 

oak- 

<  5 

hickory 

S  mixed 

6 

hdwd. 

oak- 

0 

hickory 

mature 

1 

AFN  24(3) 

mature 

1 

AFN  24(3) 

mature 

1 

AFN  24(3) 

mature 

1 

Noble  and  Hamilton  1976 

mature 

2 

AB  25,28(3) 

—  Mature  pine  stands  are  >45  years  old;  mature  mixed  and  oak-hickory  stands  are 
>75  years  old. 

2/ 

—  AFN  =  Audubon  Field  Notes,  AB  =  American  Birds; volume  and  number  are  listed  with  each 

citation  -  "Winter  Bird  Population  Studies." 

—  75%  is  under  forest  management,  25%  of  the  area  was   logged  for  pine  in  1949  (2  years 
before  the  date  of  census) . 


4/ 


5/ 


White  pine  -  shortleaf  pine  and  oak  community  in  the  mountains. 
Large  flocks  of  Common  Crackles  and  blackbirds  were  excluded. 
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Table  2. — Locations  and  habitat  data  for  breeding  bird  censuses  of  loblolly-shortleaf  pine 
forest  stands  and  other  pine-hardwood  stands. 


Percent 

Stand 

Years 

Census 

Plot 

Stand 
type  - 

pine 

2/ 
age— 

of 

Source  — 

No. 

Location 

size 

overstory 

data 

1 

Livingston  Par.,  La. 

12  ha 

pine 

88% 

6  yr. 

1 

NH  1976  -^ 

2 

Warner  Robbins,  Ga. 

10 

pine 

70 

^'7 

1 

AFN  6(6) 

3 

Raleigh,  N.C. 

13 

pine 

-^-SO 

^-7 

1 

AFN  21(6) 

3a 

Raleigh,  N.C, 

13 

pine 

'\^50 

'V9 

1 

AFN  23(6) 

4 

Durham,  N.C. 

7 

mixed 

35 

1-10 

1 

AFN  20(6) 

5 

Oakland,  Md. 

11 

pine 

100 

10-20 

1 

AFN  3(6) 

6 

Durham,  N.C. 

8 

pine 

95 

10-20 

1 

AFN  20  (6|^ 
NH  1976  -^ 

7 

Livingston  Par.,  La. 

12 

pine 

100 

20 

1 

8 

Romney,  W.Va. 
Durham,  N.C.  — 

4 

pine 

90 

20 

1 

AFN  21(6) 

9 

10 

pine 

100 

20-30 

1 

AFN  20(6) 

10 

Snowhill,  Md. 

9 

pine 

97 

25-30 

1 

AFN  2(6) 

11 

Pine  Bluff,  Ark. 

62 

mixed 

30 

<30 

1 

AFN  9(6) 

12 

Athens,  Ga. 

10 

pine 

100 

'\.35 

1 

AFN  1(6) 

13 

Athens,  GA. 

8 

pine 

95 

33 

1 

AFN  17(6) 

14 

Warner  Robbins,  Ga. 

8 

mixed 

<20 

^-35 

1 

AFN  7(6) 

15 

Durham,  N.C. 

10 

pine 

95 

30-40 

1 

AFN  20(6) 

16 

El  Dorado,  Ark. 

4 

pine 

57 

35 

2 

AFN  14-15(6) 

17 

Southport,  N.C. 

12 

mixed 

40 

35-40 

2 

AB  27(6) ,31(1) 

18 

Savannah,  Ga. 

7 

pine 

95 

40-45 

3 

AFN  19-21(6) 

19 

Chapel  Hill,  N.C. 

35 

pine 

92 

30-60 

1 

AFN  20(61 

NH  1976  -  ,-  AB  28(6) 

20 

Livingston  Par.,  La. 

12 

pine 

100 

45-46 

2 

21 

Durham,  N.C. 

10 

pine 

85 

70-80 

1 

AFN  20(6) 

22 

El  Dorado,  Ark.  . 
Savannah,  Ga.  — 

8 

mixed 

30 

mature 

1 

AFN  11(6) 

23 

10 

mixed 

32 

mature 

10 

AFN  17,19-24(6); 

AB  25-27(6) 

24 

Romney,  W.Va. 

6 

mixed 

30 

mature? 

1 

AFN  21(6) 

25 

Fairfield,  Ala.   . 
El  Dorado,  Ark.  —    . 
N.  Wilksboro,  N.C.  - 

10 

mixed 

24 

mature 

2 

AFN  3-4(6) 

26 

9 

mixed 

20 

mature 

5 

AFN  11(6) 

27 

16 

mixed 

■y 

mature 

16 

AFN  8-9,11,14-24(6); 

AB  25-26,29(6) 

28 

Chapel  Hill,  N.C. 

9 

beech- 
maple 

9 

mature 

2 

AB  27-28(6) 

4/ 
NH  1976  - 

29 

Livingston  Par.,  La. 

12 

S .  mixed 

6 

mature 

1 

hdwd. 

30 

Durham,  N.C. 

11 

oak- 
hickory 

<5 

mature 

1 

A7N  20(6) 

31 

Berkley  Spr. ,  W.Va. 

6 

oak- 
hickory 

0 

mature 

1 

AFN  11(6) 

32 

Athens,  Ga. 

9 

oak- 
hickory 

^5 

mature 

1 

AFN  1(6) 

—  Pine  =  loblolly-shortleaf  pine;  mixed  =  pine  and  hardwoods. 

2/ 

—  Mature  pine  stands  are  >45  years  old;  mature,  mixcjd,  oak-hickory,  and  beech-maple 

stands  are  >75  years  old. 

3/ 

—  AFN  =  Audubon  Field  Notes,  AB  =  American  Birds;  volvime  and  number  are  listed  with  each 

citation;  see  Breeding  Bird  Census. 

4/ 

—  Noble  and  Hamilton  1976. 

5/  2 

—  Edge  effect  accounted  for  4  of  14  species  and  220  individuals/km  . 

6/ 

—  Slash  and  longleaf  pine  are  28%  of  the  overstory,  while  loblolly  is  4%. 

—  Some  recent  logging  was  done  on  the  plot. 

8/ 

—  White  pine-shortleaf  pine  and  oak  community  in  the  mountains. 
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Temperature  and  Latitudinal  Gradients 

During  the  winter,  the  number  of  bird 
species  (richness)  is  closely  related  to  the 
number  of  frost-free  days  (Bock  and  Lepthien 
1974,  Tramer  1974a) .   The  mild  and  fairly 
stable  winter  climate  of  the  Southeast  is 
apparently  important  to  many  bird  species  that 
do  not  tolerate  harsh  northern  winters. 
Climate  does  not  seem  to  affect  species  numbers 
in  areas  with  more  than  245  frost-free  days. 
Because  of  this  relationship,  more  bird  species 
should  be  present  in  pine  forests  in  Louisiana 
than  in  Virginia  or  North  Carolina.   Also, 
more  species  should  be  present  in  milder 
coastal  areas  than  interior  habitats.   Tramer 
(1974b)  states  that  temperate  zone  winter 
ranges  appear  to  be  regulated  by  the  effects 
of  climate  on  food  supply. 

In  general  breeding  bird  species  richness 
is  inversely  related  to  latitude;  however, 
breeding  species  richness  is  less  in  the  south- 
eastern than  in  the  northeastern  United  States. 
Various  explanations  for  this  were  presented 
by  Tramer  (1974b) . 

Winter  Bird  Community 

Successional  Trends 

Quay  (1947)  completed  a  detailed  study  of 
winter  bird  populations  in  an  upland  plant 
sere  near  Raleigh,  North  Carolina.   His  study 
was  conducted  during  one  winter,  and  density 
estimates  within  serai  stages  may  reflect 
favorable  or  unfavorable  climate  that  year. 
However,  his  study  does  delineate  changes  in 
winter  bird  populations  associated  with  plant 
communities  in  that  specific  region. 

Data  on  winter  bird  populations  from  the 
17  census  locations  (table  1)  were  analyzed 
for  changes  in  species  richness  and  density 
with  changes  in  the  plant  community  (figs.  3, 
4) .   In  most  censuses  (source  AFN,  AB — see 
table  1)  it  was  not  possible  to  calculate  the 
Shannon  Index  for  species  diversity  (MacArthur 
and  MacArthur  1961)  because  data  tabulation 
was  in  rounded  whole  numbers  (means)  and 
included  symbols  (+)  for  uncommon  species. 

Species  richness  in  winter  populations 
increased  in  the  early  serai  stage  from  7-15 
species  in  old  fields  to  27-30  species  in 
young  open-canopy  pine  stands  with  patches  of 
older  trees  or  open  wet  areas.   However,  very 
fe/i   data  were  available  for  this  serai  stage, 
and  the  apparent  trend  could  be  due  in  part 
to  temperature  gradients.   Quay's  (1947)  study 
showed  a  slight  decrease  in  species  richness 
from  bare  ground  to  herb  and  broomsedge-pine 
habitats  (fig.  3) . 

Census  data  for  stands  after  canopy 
closure  indicate  a  decrease  in  species  richness. 


which  is  not  reversed  until  age  35  (fig.  3) . 
Dickson  and  Segelquist  (1978)  found  stands 
of  dense  pine  saplings  (age  15)  practically 
devoid  of  birds;  younger  and  older  stands 
had  substantially  more  species  and  higher 
densities.   Bird  densities  (fig.  4)  also 
follow  the  same  trend  in  the  few  censuses 
available  for  these  serai  stages.   In 
Louisiana  winter  bird  densities  decreased  50 
percent  (fig.  4,  table  1)  from  a  7-year-old 
pine  stand  to  a  closed  canopy  stand  (age  20) ; 
however,  a  45-year-old  pine  stand  showed  an 
additional  decrease  in  density  from  the  20- 
year-old  stand  (Noble  and  Hamilton  1976) . 
These  data  contradict  studies  by  Quay  (1947) 
and  Dickson  and  Segelquist  (1978) .   Apparently 
reduced  winter  bird  species  and  density  in  the 
45-year-old  stand  was  the  result  of  annual 
burning,  which  eliminates  the  lower  vegetative 
stratum  (Noble  and  Hamilton  1976) . 

From  mature  pine  to  mixed  pine-hardwood 
serai  stages  there  is  considerably  higher 
density  and  species  richness  with  the  increase 
in  percent  hardwoods  (figs.  3,  4).   Decreases 
in  density  and  species  richness  in  mature 
stages  of  forest  succession  are  apparent  in 
colder,  more  northerly  environments,  e.g. 
North  Carolina  and  Virginia  (figs.  3,  4).   This 
difference  possibly  results  from  greater  availa- 
bility of  food  in  the  southern  latitudes 
(Tramer  1974b) . 

Species  Composition 

Fringillids  (sparrows,  towhees,  gold- 
finches, etc.)  are  the  major  group  of  winter 
birds  in  young  serai  stages .   Savannah  Sparrow 
(Passerculus  sandwichensis) ,  Field  Sparrow 
(Spizella  pusilla) ,  Dark-eyed  Junco  (Junco 
hyemalis) ,  and  Song  Sparrow  (Melospiza  melodia) 
are  common  fringillids  in  old  fields  during  the 
winter  (Quay  1947,  Odum  and  Hight  1957) .   Other 
common  species  in  early  stage  old  fields  (0-5 
years  old)  are  Eastern  Meadowlark  (Sturnella 
magna) ,  Bobwhite  (Colinus  virginianus) ,  Kill- 
deer  (Charadrius  vociferus) ,  and  Mourning  Dove 
(Zenaida  macroura) .   As  shrubs,  vines,  and 
small  pines  become  available  for  cover  and 
foraging.  White-throated  Sparrow  (Zonotrichia 
albicollis) ,  Cardinal  (Cardinalis  cardinalis) , 
Rufous-sided  Towhee  (Pipilo  erythrophthalmus) , 
and  wrens  become  abundant. 

The  pine  or  mixed  pine-hardwood  forest  is 
used  by  a  variety  of  bird  groups  and  foraging 
guilds.   Woodpeckers  are  common  through  the 
winter  in  forest  stands  of  all  ages  but  are 
most  abundant  in  mature  stands.   Golden-crowned 
and  Ruby-crowned  Kinglets  (Regulus  satrapa  and 
R.  calendula)  are  common  to  abundant  in  pine 
and  mixed  pine-hardwoods.   These  species  breed 
in  northern  coniferous  forests  and  winter  in 
southern  pine  forests .   They  are  commonly  found 
in  flocks  with  permanent  residents,  such  as 
Carolina  Chickadees,  Tufted  Titmice,  and  Downy 
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Woodpeckers  (Picoides  pubescens) .   In  most 
!;ases  pine  forests  in  the  Piedmont  loblolly- 
shortleaf  type  have  higher  populations  in 
winter  than  deciduous  forests  because  of  the 
addition  of  kinglets  to  the  permanent  resi- 
Sent  populations  (Johnston  and  Odum  1956) . 
?ine  warblers  (Dendroica  pinus) ,  permanent 
residents,  are  common  in  pine  stands  of  all 
ige  classes.   Another  parulid,  the  Yellow- 
rumped  Warbler  (D.  corona ta) ,  is  abundant  in 
some  years  in  young  serai  stages,  and  is  also 
commonly  found  in  flocks  of  permanent  resi- 
ients  in  older  forest  stands. 

Summer  Breeding  Bird  Community 

Successional  Trends 

Breeding  bird  habitat  in  the  Southeast 
is  grouped  into  four  broad  stages;  (1)  grass- 
Lands,  (2)  shrubland,  (3)  pine  forest,  and  (4) 
nardwood  forest  (Johnston  and  Odum  1955) . 
tost  of  our  discussion  will  be  concerned  with 
the  first  three  stages  and  the  transition 
I.e.  mixed  pine-hard\roods)  from  pine  to  oak- 
tiickory . 

Grasslands  are  predominant  in  the 
isouthern  Piedmont  and  the  Coastal  Plain  during 
the  first  3  years  of  natural  succession.   Bird 
populations  and  species  richness  are  low 
during  this  stage  (figs.  5,  6) .   Only  two  or 
three  species  breed  in  this  habitat  in  the 
Southeast.   However,  in  the  shrub  and  young 
pine  stage  a  rapid  increase  in  breeding 
density  and  species  takes  place.   Shrubs  add 
patches  and  an  additional  vegetative  stratum 
for  nesting.   This  increase  is  short-lived  as 
pine  canopy  closure  at  10-20  years  eliminates 
the  ground  cover  and  understory  vegetation. 
Densities  decrease  from  600  territorial  males 
per  km2  to  200-300  per  km2 .   Breeding  bird 
species  also  decrease  about  50  percent.   These 
reduced  populations  are  common  in  pine  stands 
from  age  15  to  30  years. 

Pine  tree  density  decreases  rapidly  from 
age  11  to  age  34  (fig.  2) .   This  natural  thin- 
ning allows  greater  light  penetration  to  the 
ground  and  development  of  understory  vege- 
tation.  At  stand  age  35  densities  and  species 
of  breeding  birds  again  rapidly  increase  to 
values  similar  to  those  of  the  shrubland  stage. 
Bird  species  richness  is  higher  from  stand  age 
i40  to  80  than  in  any  younger  age  class 
(fig.  5) .   Again  richness  and  density  in  the 
annually  burned  stand  (census  20)  was  consider- 
ably lower  (60-70  percent  less)  than  for 
unburned  or  irregularly  burned  plots  (figs.  5, 
6). 

Mixed  loblolly-shortleaf  pine-hardwood 
forests  are  important  breeding  habitat  for 
many  species.   Density  and  species  richness  in 
these  stands  are  similar  to  mature  hardwood 
forests.   The  average  density  of  breeding  pairs 


(territorial  males)  in  mixed  pine-hardwood  is 
550  per  km2 .   Approximately  20  breeding  species 
(mapped  territories,  not  visitors)  are  found  in 
mesic  pine-hardwood  forest.   Bottomland  pine- 
hardwood  forests  (census  22;  figs.  5,  6)  are 
higher  in  total  density  and  species  richness 
than  drier  sites.   Within  the  loblolly-short- 
leaf pine  type  the  mixed  pine-hardwoods  and 
mature  pine  stands  have  the  highest  density 
and  species  diversity. 

Relationships  in  Breeding  Bird  Populations 

Derfsity  and  species  richness  are  highly 
correlated  in  breeding  bird  communities.   Note 
that  the  graphs  of  species  richness  (fig.  5) 
and  breeding  bird  densities  (fig.  6)  are  very 
similar.   Increase  in  population  density  is 
caused  primarily  by  the  addition  of  new  species 
(Tramer  1968) .   Territoriality  would  limit 
increase  in  density  of  bird  species  already 
present.   Species  diversity  in  breeding  bird 
populations  also  is  highly  correlated  with 
number  of  species. 

Foliage  height  diversity,  an  indirect 
measurement  of  the  amount  of  leaf  surface  area 
present  in  the  horizontal  strata  of  the  forest, 
is  positively  correlated  with  bird  species 
diversity  (MacArthur  and  MacArthur  1961) .   Roth 
(1976)  shows  that  spatial  heterogeneity  or 
patchiness  is  also  significantly  correlated 
with  bird  species  diversity.   Both  of  these 
vegetative  measurements  are  useful  to  bird 
managers  as  indicators  of  bird  diversity.   But 
diversity  should  not  be  the  sole  objective  in 
bird  habitat  management.   Densities  and  species 
composition  and  distribution  should  also  be 
considered. 

Species  Composition 

Figure  7  presents  breeding  bird  species 
composition  and  densities  with  succession  in 
loblolly-shortleaf  pine  stands.   This  list  is 
not  complete,  but  it  contains  the  major 
breeding  birds  of  concern  to  managers.   Rare 
and  endangered  species  will  be  discussed  in  a 
later  section.   Birds  with  large  territories, 
such  as  raptors,  are  not  well  represented  in 
breeding  bird  censuses  because  census  tech- 
niques for  breeding  raptors  are  not  compatible 
with  passerine  census  techniques. 

Three  common  breeding  species  of  the 
grassland  stage  in  the  Southeast  are  Bobwhite, 
Eastern  Meadowlark,  and  Grasshopper  Sparrow 
(Ammodramus  savannarum) .   Fall  and  winter 
Bobwhite  populations  are  highest  in  2-year-old 
fields  in  pine  plantations  (Brunswig  and 
Johnson  1972)  .   In  unmanaged  natural  succession 
Bobwhite  breeding  populations  presumably  would 
be  higher  in  3-  to  5-year-old  fields  than  in 
managed  pine  stands  of  the  same  age,  as  manage- 
ment speeds  up  succession  and  shortens  the 
duration  of  optimum  breeding  habitat.   The 
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Figure  5. — The  relationship  of  breeding  bird  species  richness  with  succession  of  loblolly- 
shortleaf  pine  forests.   Hexagon  =  grassland,  circles  =  50  to  100%  pines,  squares  =  10  to 
49%  pine,  triangles  =  <  10%  pines.   Numbers  on  symbols  refer  to  censuses  in  table  2. 
Numbers  outside  the  symbols  refer  to  duplicate  points.   Solid  symbols  refer  to  Johnston 
and  Odum  1956. 
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Figure  6. — The  relationship  of  breeding  bird  density  with  succession  of  loblolly-shortleaf  pine 
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STAND  AGE 


BREEDING   SPECIES 

Broad- winged  Hawk 
Bobwhite 
Mourning  Do«e 
Yellow- billed  Cuckoo 
Common   Flicker 
Pileated  Woodpecker 
Red-bellied  Woodpecker 
Red-cockaded  Woodpecker 
Downy   Woodpecker 
Great  Crested  Flycatcher 
Acadian    Flycatcher 
Eastern  Wood  Peewee 
Blue  Jay* 
Carolina  Chickadee 
Tufted  Titmouse 
White- breasted  Nuthatch 
Brown- headed    Nuthatch 
Carolina  Wren 
Gray    Catbird* 
Mockingbird* 
Brown   Thrasher* 
Wood  Thrush 
White-eyed  Vireo 
Yellow  -  throated  Vireo 
Red -eyed  Vireo 
Black-and-white  Warbler 
Northern    Parula 
Yellow  -  throated  Warbler 
Pine   Warbler 
Prairie  Warbler 
0«enbird 

Kentucky  Warbler 
Common     Yellow  throat 
Yellow -breasted  Chat 
Hooded    Warbler 
Eastern  Meadowlark 
Orchard  Oriole* 
Common   Crackle 
Scarlet    Tanager 
Summer  Tanager 
Cardinal 

Blue  Grosbeak* 
Indigo  Bunting* 
Rufous -sided  Towhee 
Bachman's  Sparrow 
Grasshopper  Sparrow 
Field  Sparrow 
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igure  7.— The  approximate  density  of  selected  breeding  birds  in  the  serai  stages  of  loblolly- 
shortleaf  pine  and  oak-hickory  forests.   Dashed  line  =  £  5  pairs  per  40  ha,  solid  line  = 
>  5  <  10  pairs  per  40  ha,  and  solid  bar  =  >  10  pairs  per  40  ha.   Data  from  table  2  and 
Johnston  and  Odum  1956. 
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Grasshopper  Sparrow  and  Meadowlark  are  true 
grassland  species  and  the  only  breeding 
species  found  in  large  uniform  fields  with- 
out shrubs  or  trees  (Johnston  and  Odum  1956) . 
Two  other  uncommon  species  not  presented  in 
Cigure  7  are  Killdeer  and  Horned  Lark 
(Eremophila  alpestris) .   Both  of  these  birds 
feed  and  nest  on  essentially  bare  ground  and 
are  pioneer  species  in  the  successional 
series.   Horned  Larks  have  been  extending 
their  breeding  range  eastward  from  the 
prairies  (Johnston  and  Odum  1956) . 

The  shrubland  habitat  (age  5-15)  is 
important  to  "edge  species,"  which  require  two 
or  more  plant  communities  usually  of  widely 
separated  ages  (Johnston  and  Odum  1956) . 
These  species  are  common  in  shrubland  and 
usually  also  common  at  forest-shrub  boundaries 
in  older  stands  (fig.  7) .   A  few  other  species 
are  most  abundant  only  in  the  shrubland  stage 
and  rapidly  decrease  in  forest  stands.   Prairie 
Warbler  (Dendroica  discolor) ,  Yellow-breasted 
Chat  (Icteria  virens) ,  Indigo  Bunting 
(Passerina  cyanea) ,  White-eyed  Vireo  (Vireo 
griseus) ,  Common  Yellowthroat  (Geothlypis 
trichas) ,  and  Field  Sparrow  are  common 
breeding  species  only  in  shrubland.   Mourning 
Doves,  an  edge  species,  become  fairly  abundant 
in  the  latter  part  of  the  shrub  stage.   Edge 
and  shrubland  species  are  a  major  component 
of  bird  communities.   Possibly  more  than  30 
to  40  percent  of  common  breeding  birds  in  the 
Georgia  Piedmont  belong  to  this  category 
(Johnston  and  Odum  1956) .   These  species  are 
also  some  of  the  most  widely  recognized  birds 
found  in  low  density  residential  areas. 

By  age  20  most  pine  stands  have  closed 
canopies  with  shrub  and  grass  cover  signifi- 
cantly reduced.   However,  in  natural  succes- 
sion poorly  seeded  areas  and  eroded  or  wet 
areas  often  create  a  patchiness  of  habitats 
with  clxomps  of  pines  interspersed  with  small 
openings  of  earlier  serai  stages.   These 
openings  increase  the  bird  diversity  and 
density  in  pine  stands  which  otherwise  would 
have  low  densities. 

The  Pine  Warbler,  Brown-headed  Nuthatch 
(Sitta  pusilla) ,  and  rare  Red-cockaded  Wood- 
pecker (Picoides  borealis)  are  the  only 
breeding  birds  restricted  to  the  southern 
pine  forest  (Johnston  and  Odum  1956) .   Pine 
Warblers  are  most  abundant  in  pure  stands  of 
pines,  and  their  density  decreases  signifi- 
cantly with  the  invasion  of  hardwood  species 
(fig.  7) .   The  xincommon  Brown-headed  Nuthatch, 
a  cavity  nester,  is  generally  a  breeding  bird 
of  mature  pine  stands .   The  Red-cockaded  Wood- 
pecker breeds  in  mature  pine  stands  with 
infections  of  red  heart  disease  and  is 
generally  more  common  in  the  Coastal  Plain 
than  Piedmont. 

In  southeastern  pine  forests  bird 


populations  are  determined  mainly  by  the  under- 
story  (Johnston  and  Odum  1956) .   Grasses  under 
mature  pine  forests  create  breeding  habitat  for 
Bobwhite  and  Bachman's  Sparrow  (Aimophila 
aestivalis) .   Thick  patches  of  shrubs  or  well 
developed  understory  in  mature  pine  forests  are 
good  breeding  habitat  for  the  Carolina  Wren 

(Thryothorus  ludovicianus) ,  Great  Crested  Fly- 
catcher (Myiarchus  crinitus) ,  Summer  Tanager 

(Piranga  rubra) ,  Yellow-throated  Vireo  (Vireo 
f lavifrons) ,  Eastern  Wood  Peewee  (Contopus 
virens) ,  Hooded  Warbler  (Wilsonia  citrina) , 
Northern  Parula  (Parula  americana) ,  Cardinal, 
Rufous-sided  Towhee ,  and  many  other  less  common 
species  (fig.  7  and  data  from  sources  in  table 
2) .   Many  of  these  species  also  occur  in  hard- 
wood forests  which  usually  have  a  well  developed 
understory. 

As  pine  forests  mature,  hardwood  species 
replace  pines  and  produce  a  mixed  pine-hardwood 
stand  (fig.  2) .   These  mixed  forest  types  have 
highly  diverse  bird  populations.   Woodpeckers 
and  other  cavity  nesters,  such  as  the  Carolina 
Chickadee,  Tufted  Titmouse,  Great  Crested  Fly- 
catcher, and  White-breasted  Nuthatch  (Sitta 
carolinensis) ,  are  fairly  abundant  at  this 
stage.   Some  of  these  species  also  are  found  in 
younger  pure  pine  stands  with  dead  standing 
trees  (Noble  and  Hamilton  1976) .   In  addition, 
many  predominantly  hardwood  forest  birds,  such 
as  the  Broad-winged  Hawk  (Buteo  platypterus) , 
Acadian  Flycatcher  (Empidonax  virescens) ,  Wood 
Thrush  (Hylocichla  mustelina) ,  Red-eyed  Vireo 
(Vireo  olivaceus) ,  Black-and-white  Warbler 
(Mniotilta  varia) ,  Ovenbird  (Seiurus 
aurocapillus) ,  and  Scarlet  Tanager  (Piranga 
olivacea) ,  begin  to  breed  commonly  in  mixed 
pine-hardwood  stands  (fig.  7) . 

Endangered  Species 

The  only  endangered  species  closely  associ- 
ated with  upland  loblolly-shortleaf  pine  is  the 
Red-cockaded  Woodpecker.   Considerable  research 
is  being  done  on  management  of  this  species ' 
habitat  (Hooper  et  al.  1977,  Baker  1977, 
Jackson  1977)  .   The  Red-cockaded  Woodpecker 
breeds  in  open,  mature  pine  stands.   The  nest 
trees  are  almost  always  infected  with  red  heart 
disease . 

This  woodpecker  usually  occurs  in  clans  of 
2-10  birds,  with  only  1  pair  breeding  and  the 
remaining  birds  acting  as  helpers.  Cavities 
are  almost  always  in  mature,  living  pines  and 
are  readily  identified  by  the  glaze  of  white 
resin  surrounding  the  entrance.  The  home  range 
of  a  pair  is  14  to  20  ha,  and  clans  of  8  birds 
utilize  up  to  65  ha. 

Management  of  this  species  is  achieved  by 
providing  suitable  nest  and  roost  trees,  which 
include  loblolly,  shortleaf,  longleaf,  slash, 
and  pond  pines  (Pinus  serotina)  at  least  80 
years  old.   Stands  for  nest  sites  should  have 
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an  average  density  of  110-124  stems/ha  with  a 
basal  area  of  11  to  14  m  /ha .   Understory 
should  be  no  more  than  4 . 5  m  tall  and  prefera- 
bly less  than  2  m.   The  exact  stand  size 
necessary  for  the  preservation  of  the  clan  is 
not  known,  but  is  in  the  range  of  14-65  ha 
(Chamberlain  1974) . 


Succession  is  predictable  only  on  a  macro- 
scopic level  (Margalef  1968) .   Many  sites  of 
the  same  stage  of  succession  will  be  phytol- 
ogically  different  because  of  past  land  uses, 
soil  fertility,  soil  moisture,  or  microclimate. 
Local  site  characteristics  are  important  when 
overall  management  decisions  are  made  for  song- 
bird habitat. 


TIMBER  MANAGEMENT  IN  RELATION  TO  BIRD  HABITAT 

Management  Trends 

Forest  management  trends  have  accelerated 
within  the  last  20  years.   Land  ownership, 
management  objectives,  and  multiple  use  manage- 
ment are  the  major  areas  of  change.   For 
instance,  forest  industrial  land  holdings  in 
the  Georgia  Piedmont  increased  26  percent  from 
1961  to  1969,  and  in  1973  20  percent  of  the 
Georgia  Piedmont  forest  was  managed  by  forest 
industries,  mostly  for  production  of  pulpwood 
(Brender  1973) .   Management  of  loblolly- 
shortleaf  pine  types  has  become  more  intense 
and  mechanized.   Rotation  lengths  are  shorter 
with  intensive  management. 

Maintenance  of  forest  stands  in  earlier 
successional  stages  by  shorter  rotations  is 
eliminating  mature  pine  and  hardwood  forests. 
One  can  readily  recognize  that  compartmental 
control  of  a  loblolly-shortleaf  pine  forest 
with  no  stands  older  than  35  years  would 
eliminate  many  breeding  bird  species  (fig.  7) . 
Short  rotation  stands  lack  (1)  suitable 
cavities  for  nests,  (2)  an  understory  nesting 
stratum,  (3)  high  energy  fruits  and  mast,  and 
(4)  deciduous  foliage  necessary  for  many  song- 
birds (Johnson  et  al.  1975) .   More  intensive 
management,  with  elimination  of  hardwoods  by 
herbicides  or  burning  and  row  planting  of 
pines,  further  reduces  breeding  habitat  for 
ephemeral  bird  species  in  the  grass  and  shrub 
stages. 

Multiple  resource  management  is  now  the 
policy  on  most  publicly  owned  forests,  where 
a  diversity  of  age  elates  are  maintained. 
Timber,  water,  wildlife,  and  recreation  are 
the  major  resources  of  these  forests.   How- 
ever, deliberate  nongame  bird  management  has 
not  been  widely  practiced.   Much  of  what 
happens  is  incidental  to  timber  and  game 
management. 

Only  a  few  studies  have  been  completed 
on  bird  populations  and  the  effects  of  site 
treatments  in  the  early  stages  of  succession 
of  pine  plantations  (see  tables  1,  2). 
Obviously  shorter  rotation  lengths  in  managed 
pine  forests  will  produce  more  forest  in 
early  stages  of  succession.   More  research  is 
needed  on  bird  populations  during  the  first 
35  years  of  managed  and  unmanaged  pine 
forests. 


Harvest  and  Regeneration 

Harvest  methods  can  greatly  affect  bird 
communities.   Southern  pine  forests  generally 
are  managed  in  even-aged  stands,  harvested  by 
clear  cutting,  seed-tree,  or  shelterwood 
cutting.   Much  of  the  literature  on  the  effects 
of  even-aged  timber  management  on  bird  popu- 
lations concerns  clearcutting.   Clearcutting 
with  intensive  site  preparation  eliminates  the 
overstory  and  reduces  the  site  to  mineral  soil. 
When  soil  preparation  and  planting  are  done 
during  the  fall  and  winter,  the  spring  vege- 
tation is  sparse  and  all  forest  breeding  birds 
are  eliminated.   Killdeers  would  be  the  only 
bird  breeding  in  this  habitat  (Johnston  and 
Odum  1956,  Perkins  1973) .   However,  if  the 
site  is  not  intensively  prepared  and  "whips," 
shrubs,  and  logging  slash  are  present,  the 
breeding  bird  populations  are  considerably 
higher,  possibly  higher  than  populations  in 
uncut  loblolly-shortleaf  forest  (Perkins  1973)  . 
This  would  be  true  also  for  non-breeding  bird 
populations.   Snags  left  in  harvested  areas 
are  important  to  cavity-nesting  birds  such  as 
bluebirds  (Sialia  sialis)  (Conner  and  Adkisson 
1974),  woodpeckers,  and  other  nesting  birds; 
and  they  hardly  affect  timber  production  goals. 
Conner  and  Crawford  (1974)  found  that  one-year- 
old  oak  clearcuts  with  slash  and  debris  were 
excellent  foraging  areas  for  Downy  Woodpeckers 
and  Hairy  Woodpeckers  (Picoides  villosus) ; 
however,  the  source  of  insect  prey  was  much 
less  abundant  in  5-  and  12-year-old  clearcuts. 
Perkins'  (1973)  data  on  bird  species  richness 
of  mist  blown-injected  and  bedded  (with  burned 
windrows)  sites  indicated  that  mist  blown- 
injected  sites  have  more  than  twice  as  many 
species  during  spring  and  summer  as  uncut 
forests.   Many  early  successional  bird  species 
are  common  in  these  habitats,  as  the  greater 
volume  of  vegetation  in  the  lower  strata  signi- 
ficantly increases  the  number  of  species. 
Windrows  often  support  plant  communities  quite 
different  from  the  adjacent  treatment  area 
(Perkins  1973)  .   Shrubs  and  hardwood  saplings 
in  windrov;s  create  an  "edge  effect,"  which 
usually  increases  breeding  bird  species 
diversity  and  density. 

Clearcut  size  and  shape,  and  juxtaposition 
of  different  age  classes  are  important  in  bird 
management.   Arner  (1972)  reported  that  the 
average  size  of  clearcuts  in  southern  forests 
was  92  ha  (range  20-600  ha)  on  commercial  land 
and  26  ha  (Piedmont)  to  36  ha  (Coastal  Plain) 
on  public  land.   Clearcuts  of  20  to  40  ha  are 
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acceptable  units  for  nongame  bird  management. 
This  range  coincides  with  clearcut  sizes  sug- 
gested for  many  game  species.  Clearcuts 
larger  th=in  40  ha  are  less  important  to  "edge" 
bird  species,  but,  if  rotations  are  long  (60- 
80  years) ,  these  clearcuts  could  provide  more 
habitat  for  forest  interior  species. 

Long  narrow  clearcuts  clearly  benefit 
"edge"  species.   However,  a  more  important 
harvest  treatment  is  the  undulating  boundary 
(scalloped  edge) ,  which  is  the  natural  edge  of 
mature  systems  (Margalef  1968) .   Meyers 
(unpublished  data)  has  found  significantly 
higher  bird  densities  on  scalloped  forest  edges 
of  transmission  line  corridors.   It  is  quite 
possible  that  clearcuts  with  undulating 
boundaries  rather  than  straight  boundaries  are 
higher  in  bird  density  and  diversity.   Undu- 
lating boundaries  have  more  edge  and  also 
create  patchiness  of  habitat  types.   Further 
research  on  this  phenomenon  is  needed  before 
we  make  management  recommendations.   Johnston 
and  Odum  (1956)  state  that  boundaries 
separating  habitats  of  widely  different  age 
classes  (e.g.  grassland  and  forest)  are  most 
important  to  forest  edge  bird  species.   Clear- 
cuts,  by  maximizing  mature  forest-grassland 
edge  usually  increase  densities  of  edge  bird 
species  and  bird  species  diversity.   But,  we 
caution  against  exclusive  use  of  the  "edge 
effect"  as  a  management  objective.   Many  of 
the  edge  species  are  common,  whereas  forest 
birds,  particularly  those  of  mature  pine  and 
hardwoods,  are  less  common,  and  current  forest 
management  trends  could  further  reduce  their 
populations. 

Narrow  spacing  of  trees  on  intensely 
managed  sites  usually  causes  early  crown 
closure,  while  wider  spacing  of  planted  pines 
results  in  a  delay  in  crown  closure.   The 
delayed  crown  closure  benefits  early  serai 
stage  birds.   Clumping  from  natural  or  air- 
craft seeding  and  seedling  mortality  from 
climatic  or  edaphic  conditions  both  increase 
the  variety  of  breeding  birds.   Regular  spacing 
of  trees  possibly  reduces  bird  species 
diversity  (Roth  1976) . 

High  breeding  bird  densities  (1800  pairs/ 
km2)  in  an  intensively  managed  plantation 
interplanted  with  Norway  spruce  (Picea  abies) 
and  European  beech  (Fagus  sylvatica)  were 
reported  by  Williamson  (1970) .   The  plantation 
was  bounded  by  a  fringe  of  mature  beech  and 
oak,  field  hedgerows,  and  grassland  access 
roads  and  firebreaks .   The  fringe  of  mature 
trees  was  used  to  screen  the  new  plantation 
from  the  public  roads.   Although  southern  pine 
management  currently  does  not  include  inter- 
planting  of  hardwoods,  birds  would  most  likely 
benefit  greatly  by  this  management. 

The  other  methods  of  regenerating  even- 
aged  stands — shelterwood  and  seed-tree 


harvests — do  not  produce  the  very  low  bird 
diversity  and  density  during  the  first  year 
after  harvest.   The  presence  of  overstory  trees 
during  the  early  stages  of  succession  encourages 
both  forest  and  field  or  shrubland  breeding 
birds.   Also,  natural  mortality  of  residual 
trees  associated  with  these  methods  (Brender 
197  3) ,  provides  bird  habitat  for  nesting  and 
foraging. 

Selection  harvesting  of  loblolly  and  short- 
leaf  pine  is  controversial.   It  is  useful  for 
managing  small  holdings  where  the  landowners 
expect  a  regular  income  at  short  intervals. 
Sawtimber  and  veneer  stock  are  the  principal 
products  of  uneven-age  management  (Brender 
1973) .   Since  selection  harvesting  is  not  a 
widely  used  method  in  the  South,  there  have 
been  no  bird  studies  in  uneven-aged  loblolly- 
shortleaf  pine.   Research  on  all  silvicultural 
systems  as  they  relate  to  bird  habitat  in 
southern  pine  forests  is  scarce. 

Intermediate  Treatments 

At  mid-rotation  (about  15  years)  pine 
stands,  especially  on  dry  sites,  are  devoid  of 
groundstory  vegetation.   If  there  is  a  pulp 
market  available,  stands  should  be  thinned, 
especially  on  average  to  poor  sites  (Brender 
1973) .   Thinning  dense  stands  can  significantly 
increase  timber  volume  and  provide  improved 
bird  habitat.   Natural  thinning  encourages  a 
patchier  habitat  than  mechanical  thinning  and 
therefore  may  support  more  breeding  bird 
species.   However,  if  management  of  birds  is 
of  particular  interest,  mechanical  methods  that 
create  non-uniform  habitat  are  suitable, 
especially  on  poor  to  average  sites  that  do  not 
thin  naturally. 

Burning  is  commonly  prescribed  in  the 
management  of  loblolly-shortleaf  pine  forests 
for  timber  and  game .   Prescribed  burning  at  3- 
to  4-year  intervals  is  useful  in  hardwood 
control  and  can  create  a  patchiness  in  the 
understory  that  may  increase  bird  species  and 
densities.   A  few  species,  such  as  Bachman's 
Sparrow,  benefit  from  more  frequent  prescribed 
burning.   However,  a  vast  majority  of  the 
breeding  birds  nest  between  ground  level  and 
3  m  (Preston  and  Norris  1947) ;  therefore  with- 
out understory,  significant  numbers  of  breeding 
species  are  eliminated.   Annual  burning  is  not 
desirable  for  management  of  most  songbirds, 
and  for  timber  management  generally  is 
unnecessary.   Noble  and  Hamilton  (1976)  con- 
cluded that  burning  at  intervals  of  3  to  4 
years  provided  the  same  results  for  forest 
management  as  annual  burning  in  a  46-year-old 
stand  of  loblolly  pine.   Research  is  needed  on 
burning  rotations  greater  than  4  years,  spot- 
burning,  and  other  techniques  of  prescribed 
burning  for  non-game  bird  management. 
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NATURAL  AGENTS  MODIFYING  BIRD  HABITAT 

Two  animals,  the  beaver  (Castor 
canadensis)  and  the  southern  pine  beetle,  have 
a  significant  impact  on  forests  by  creating 
openings.   Reese  and  Hair  (1977)  examined 
birds  associated  with  beaver  pond  hc.bitat  in 
South  Carolina  and  found  highly  divers'?  com- 
munities.  Dead  standing  trees,  wetland  habitat, 
forest  edge,  and  abundant  shrub  cover  are 
prominent  components  of  beaver  ponds.   All  of 
these  structures  contribute  to  the  increased 
species  diversity  in  the  pond  area. 

The  southern  pine  beetle  is  one  of  the 
most  damaging  forest  insects  in  the  South  (U. 
S.  Forest  Service  1969) .   Damage  is  within  a 
well-defined  area  from  the  Piedmont  in  central 
Alabama  to  south-central  Virginia  with  scat- 
tered areas  reported  on  the  Coastal  Plain. 
The  boundaries  of  the  damage-prone  area  have 
changed  little  since  the  late  1800 's  (U.  S. 
Forest  Service  1959) .   Southern  pine  beetles 
are  natural  agents  that  set  back  succession. 
Dead  standing  trees  in  damaged  areas  are 
valuable  woodpecker  foraging  areas  and  nest 
sites  for  cavity-nesting  species.   Small, 
scattered  infested  areas  are  important  bird 
habitat;  however,  large  areas  are  not  as 
valuable  to  birds. 

Lightning  strikes,  damaging  tropical 
storms,  glaze  storms,  and  wild  fires  are  signi- 
ficant agents  modifying  bird  habitat  in  the 
loblolly-shortleaf  pine  type.   Before  the 
arrival  of  European  man  they  were  very 
important  to  bird  species  of  earlier  succes- 
sional  stages.   Lightning-struck  and  wind- 
damaged  trees  are  readily  used  by  foraging 
woodpeckers  and  also  are  used  as  nest  sites. 
Large  wind-thrown  areas  create  forest  openings 
that  are  useful  demonstration  and  management 
areas  for  the  effects  of  natural  habitat  modi- 
fications on  bird  populations.   Wildfires  are 
of  less  importance  today  because  of  fire  con- 
trol technology.   Large  burned  areas  obviously 
benefit  early  serai  stage  birds,  but  the  loss 
in  lives,  timber,  and  property  would  be  great 
if  these  fires  were  not  controlled.   Man 
replaces  the  effects  of  wildfires  by  harvesting 
and  other  silvicultural  practices. 


LAND  USE  TRENDS  AND  BIRD  HABITAT 

Regional  land  use  trends  can  significantly 
modify  bird  populations  (Dambach  and  Good  1940, 
Warbach  1958) .   In  the  Southern  Piedmont  a 
trend  of  increased  timberland  and  decreased 
farmland  has  been  evident  for  the  last  5 
decades.   Small  farms  are  being  displaced  by 
large  agribusinesses  employing  highly  mecha- 
nized and  more  intensive  practices  with 
fertilization,  irrigation,  and  large  open 
fields  without  hedgerows.   High  operation  costs 


have  eliminated  diverse  habitat  that  is 
valuable  to  many  wildlife  species  on  farmland. 
More  land  is  used  in  crop  production  on  today's 
highly  mechanized  farms  that  depend  heavily  on 
outside  energy  sources  (e.g.  fertilizer, 
irrigation,  pesticides) . 

Private  lands  in  relatively  small  holdings 
make  up  a  significant  percentage  of  the  land 
area  but  receive  relatively  little  attention 
from  wildlife  biologists.   These  lands  usually 
are  not  available  for  management  by  wildlife 
biologists;  but,  we  should  make  information 
available  to  landowners  interested  in  bird 
management  and  recommend  that  they  consider 
management  of  the  entire  bird  community  and  not 
individual  species  (except  in  the  case  of 
endangered  species) . 

Rapid  human  population  growth  in  the  South 
is  causing  large  increases  in  subdivisions  and 
corresponding  loss  of  forest  bird  habitat.   Few 
studies  have  been  completed  on  the  effects  of 
subdivisions  on  summer  and  winter  bird  communi- 
ties.  None  have  been  done  in  the  loblolly- 
shortleaf  pine  type.   Commonly  subdivisions 
are  thought  to  provide  only  House  Sparrow 
(Passer  domesticus)  and  Starling  (Sturnus 
vulgaris)  habitat;  however,  with  proper  manage- 
ment and  initial  subdivision  planning,  these 
habitats  should  produce  diverse  bird  communi- 
ties with  very  high  densities.   Subdivisions 
may  be  an  important  factor  in  the  breeding 
range  extensions  of  many  songbird  species. 
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Forest  Bird  Communities  of  the  Bottomland  Hardwoods 


1/ 


James  G.  Dickson 


Abstract. — Bottomland  hardwoods,  which  are  dwindling  in 
area,  support  abundant  breeding  and  winter  birds.   To  help 
birds  associated  with  bottomland  hardwoods,  land  managers 
should:   keep  land  in  forests,  maintain  diversity  of  trees 
species  and  stand  ages,  maintain  some  old  stands,  maximize 
stand  vertical  foliage  layers  and  habitat  patchiness,  and 
take  special  measures  for  rare  bird  species.  


In  1970  the  oak-gum-cypress  forest  complex, 
commonly  called  bottomland  hardwoods,  extended 
over  about  13  million  ha  throughout  the  South 
(USDA  1975).   This  forest  occurs  mainly  along 
major  rivers  and  tributaries  that  extend  into 
upland  pine  sites.   Bottomland  forests  have 
long  been  recognized  for  their  abundance  of 
game  animals,  such  as  deer,  turkey,  and 
squirrels  (Stransky  and  Halls  1968) ,  and  are 
also  productive  of  nongame  birds. 

SITES  AND  FOREST  TYPES 

The  two  major  areas  in  which  bottomland 
hardwoods  are  found  are  first  bottoms  and  ter- 
races (Putnam  1951) .   First  bottoms  were 
formed  by  the  present  drainage  system  and  are 
subject  to  frequent  flooding  unless  afforded 
levee  protection.   Terraces  were  formed  by 
earlier  drainage  systems  and  are  not  flooded 
except  during  superflood  stages.   Within  both 
first  bottoms  and  terraces  are  ridges,  flats, 
sloughs,  and  swamps.   New  land  or  front  is 
found  only  in  first  bottoms. 

There  are  eight  primary  bottomland  hard- 
wood forest  types  and  several  variations  of 
these  (Putnam  1951) .   The  sweetgum-water  oak 
type  is  usually  found  on  terrace  flats  and  on 
first  bottom  flats  and  ridges.   The  white 
oaks-red  oaks-hardwoods  type  occurs  mainly  on 
sandy  loam  soils  of  first  bottom  ridges  and 
on  terrace  ridges.   The  hackberry-elm-ash 
type  is  found  mainly  on  first  bottom  low 
ridges  and  flats,  in  first  bottom  sloughs,  on 
terrace  flats,  and  in  terrace  sloughs.   The 
overcup  oak-bitter  pecan  type  is  situated  on 
low,  poorly  drained  flats,  sloughs,  and  in 
the  lowest  backwater  basins.   The  cottonwood 
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type  is  a  pioneer  type  found  mainly  on  front 
land  ridges  and  well-drained  flats.   The  wil- 
low type  is  also  a  pioneer  type  usually  found 
on  front  land  sloughs  and  low  flats.   River- 
front hardwoods  (sweet  pecan,  sycamore,  hack- 
berry,  American  elm,  green  ash)  occur  on  all 
front  lands  except  deep  sloughs  and  swamps. 
The  cypress-tupelo  gum  type  grows  in  very  low, 
poorly  drained  flats,  deep  sloughs,  and  swamps 
in  first  bottoms  and  terraces,  and  in  river 
estuaries. 

FACTORS  AFFECTING  STAND  COMPOSITION 

Natural  Succession 

Tolerant  species  gradually  replace  in- 
tolerant species  in  the  successional  process. 
Eastern  cottonwood and  black  willow  are  the  two 
main  pioneer  species  on  recent  alluvium.   They 
are  intolerant  of  shado  and  will  not  succeed 
themselves.   Cottonwood  grows  on  higher  sites 
having  coarse-textured  soils  and  is  succeeded 
by  riverfront  hardwoods  (Johnson  1973) ,  which 
are  usually  replaced  by  the  sweetgum-water  oak 
association  (Putnam  et  al.  1960).   Black  wil- 
low establishes  itself  on  fine-textured  soils 
on  lower  sites  and  is  normally  succeeded  by 
the  hackberry-elm-ash  association  (Johnson 
19  7  3).   As  the  alluvium  ages,  these  ridges  and 
flats  are  occupied  by  a  variety  of  species. 

A  slow  succession  of  plant  communities 
occurs  as  sloughs  and  swamps  fill  with  sedi- 
ment (Putnam  et  al.  1960).   Normally  black 
willow  first  occupies  the  site,  then  is  usually 
followed  by  bald  cypress  and  tupelo  in  swamps 
and  overcup  oak  and  water  hickory  in  small 
sloughs . 

Geological  Changes 

But  differences  in  forest  types  mainly 
result  from  such  geological  changes  as  soil 
deposition,  flooding,  and  changes  in  stream 
courses  (Hosner  and  Minckler  1963,   Broadfoot 
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and  Williston  1973) ,  rather  than  from  natural 
succession  (Odum  1969) .   Floodwaters  deposit 
coarse  sands  nearer  channels  and  the  fine 
clays  away  from  channels.   These  deposits 
alter  the  sites  and  consequently  the  trees 
growing  thereon.   As  silt  builds  up,  streams 
and  rivers  change  directions,  thereby  alter- 
ing sites  and  stand  composition. 

Animals  and  Fire 

The  composition  of  bottomland  hardwood 
stands  has  also  been  affected  by  insects,  dis- 
eases, livestock  and  wildlife  predation  on 
seed  and  seedlings,  and  fire.   For  example, 
cattle  can  severely  compact  the  soil  and  elimi- 
nate natural  regeneration  in  overgrazed 
stands.   Virtually  all  species  of  bottomland 
hardwoods  are  vulnerable  to  fires  (Brown  and 
Davis  1973),  and  past  fires  have  consumed 
young  vegetation  in  stands  and  provided  entry 
for  decay  in  older  trees  (Putnam  1951) . 


series  of  cuts.   Advance  reproduction  is  es- 
tablished before  the  final  cut.   The  shelter- 
wood  system  is  appropriate  for  heavy  seeded 
species  such  as  oaks,  but  is  not  satisfactory 
for  species  with  intolerant  seedlings 
(McKnight  and  Johnson  1966). 

Group  selection  is  cutting  in  small  pat- 
ches (McKnight  and  Johnson  1966)  and  is  ap- 
propriate where  advance  regeneration,  sprouts, 
or  a  seed  source  will  fill  the  vegetative  void 
created  by  the  harvest. 

Many  mixed  hardwood  stands  are  being  con- 
verted to  hardwood  monocultures.   Cottonwood  is 
the  primary  species  planted,  followed  by  syca- 
more and  sweetgum.   Cottonwood  thrives  on  well- 
drained  sandy  and  silty  loams  which  are  common 
in  the  batture  (area  between  the  river  and  levee) 
of  the  lower  Mississippi  River  (McKnight  1970). 
About  0.4  million  ha  are  suitable  for  cotton- 
wood  plantations  (Dutrow  et  al.  1970). 


Forest  Management  Practices 

Composition  of  most  stands  today  reflects 
past  decisions  to  cut  the  more  valuable 
species  and  the  more  valuable  individual  trees 
(Putnam  et  al.  1960).   For  example,  the  tol- 
erant boxelder  persists  in  the  understory  of 
riverfront  hardwoods  and  has  dominated  many 
sites  after  more  valuable  hardwoods  were  har- 
vested (Johnson  1973). 

Management  goals,  stand  composition,  and 
species-site  relationships  determine  the 
choice  of  regeneration  system.   The  single 
tree  selection  system  that  has  been  used  and 
often  misued  for  so  long  in  the  South 
(McKnight  and  Johnson  1966)  has  fallen  into 
disfavor.   This  regeneration  system  opens 
stands  gradually  and  favors  commercially  less 
desirable,  shade-tolerant  species  (Johnson 
1973).   Most  harvest/regeneration  systems  now 
being  promoted  favor  the  commercially  valuable, 
intolerant  species  such  as  cottonwood,  syca- 
more, and  yellow  poplar. 

Clearcutting  is  being  conducted  in  even- 
aged  cottonwood  and  willow  stands,  and  is  also 
appropriate  where  advanced  reproduction  is 
present,  where  sprouts  will  provide  adequate 
regeneration,  or  where  an  appropriate  seed 
source  and  receptive  site  occur  together. 

Seed  tree  cuts,  where  20  to  25  seed  trees 
per  ha  are  left,  can  be  successful  for  light 
seeded  species  on  exposed  mineral  soil.   This 
technique  has  been  used  for  cottonwoods 
(McKnight  and  Johnson  1966) ,  but  is  sometimes 
impractical  because  good  seed  crops  are  diffi- 
cult to  obtain  on  mineral  soil  before  the  site 
is  overcome  by  brush. 

In  the  shelterwood  system,  trees  are  har- 
vested and  the  stand  gradually  opened  in  a 
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Hardwood  land  along  most  rivers  through- 
out the  South  has  also  been  lost  to  reser- 
voirs.  In  East  Texas,  for  example,  Toledo 
Bend  and  Sam  Rayburn  reservoirs  alone  occupy 
over  100  thousand  ha  which  once  supported 
mostly  bottomland  hardwoods. 

BIRD-HABITAT  RELATIONSHIPS 

Birds  are  associated  with  numerous  habitat 
parameters,  such  as  number  of  vertical  foliage 
layers  (MacArthur  and  MacArthur  1961),  total 
foliage  volume  (Willson  1974),  foliage  density 
near  the  ground  (Dickson  and  Segelquist  unpubL 
data) ,  overstory  hardwood/conifer  mixture 
(Hooper  et  al.  1973),  habitat  patchiness 
(Roth  1976),  successional  stage  of  stand 
(Shugart  and  James  1973),  and  moisture  gradi- 
ent (Bond  1957,  Smith  1977). 

Bottomlands  are  normally  moist  for  at 
least  part  of  the  year,  although  front  ridges 
with  sandy  soils  and  flats  with  heavy  clay 
soils  often  have  little  available  moisture. 
The  greater  moisture  on  most  bottomland  sites 


67 


usually  allows  more  understory  vegetation  and 
should  increase  bird  density.   But  long-term 
flooding  and  standing  water  in  swamps  can  re- 
duce or  virtually  eliminate  foliage  layers 
near  the  ground.   This  condition  reduces 
ground  nesting  birds  such  as  the  Kentucky 
VJarbler  and  overwintering  ground  foragers  such 
as  the  White-throated  Sparrow  (Dickson  1974)  , 
but  may  provide  some  protection  from  predators 
for  colonial  nesters  such  as  herons,  egrets, 
and  Red-winged  Blackbirds. 

Bird  Populations  in  Breeding  Season 

The  moist  bottomland  hardwoods  of  the 
South  support  an  abundance  of  breeding  birds. 
When  bird  density  and  species  diversity  (cal- 
culated from  the  information  theory.  Shannon 
1948)  in  a  pine,  a  pine-hardwood,  and  a  ma- 
ture bottomland  hardwood  stand  were  compared 
in  an  East  Texas  study  (Anderson  1975)  ,  the 
hardwood  stand  had  a  higher  bird  density 
(1050  per  km^)  during  spring,  than  the  other 
two  stands  (835  per  km^ — pine,  422  per  km^ — 
pine/hardwood) .   Number  of  bird  species  and 
species  diversity  were  similar  in  the  bottom- 
land hardwood  and  pine-hardwood  stands,  but 
substantially  higher  than  that  in  the  pine 
stand. 

Similar  results  were  evident  from  a  com- 
parison of  breeding  bird  censuses  in  different 
habitats  in  the  Louisiana-East  Texas  area 
(Table  1).   Higher  bird  densities  were  record- 
ed in  mature  bottomland  hardwoods  than  in  up- 
land pine  and  pine-hardwood  stands  of  differ- 
ent ages.   Bird  density  in  three  bottomland 
hardwood  stands  ranged  from  752  to  1480 
territorial  male  birds  per  km^ ,  about  2  to  4 
times  that  in  the  best  upland  stands.  Bird 
species  diversity  in  the  bottomland  hardwoods 
was  higher  than  diversities  in  shorter  pine 
and  pine-hardwood  stands,  but  about  the  same 
as  that  in  mature  upland  pine  and  pine-hard- 
wood stands  of  similar  height.   The  bottomland 
hardwood  stands  would  probably  have  had  higher 
bird  diversities  but  high  stand  densities  (29- 
45  m^/ha  basal  area)  limited  light  penetration, 
understory  vegetation,  and  habitat  patchiness. 

Some  bird  species  are  associated  with 
stands  of  particular  age  and  height  classes. 
Bird  species  associatd  with  young  stands  (< 
4  m  tall)  include  the  Yellow-breasted  Chat, 
Common  Yellowthroat ,  Indigo  and  Painted  Bunt- 
ings, and  Red-headed  Woodpeckers  that  nest  in 
remnant  snags. 

A  sample  of  species  and  estimated  densi- 
ties of  breeding  birds  in  mature  bottomland 
hardwoods  in  the  Louisiana-East  Texas  area 
is  shown  in  Table  2.   Although  some  birds  such 
as  the  Cardinal  and  Carolina  Wren  are  ubiq- 
uitous in  habitat  distribution,  other  species 
are  more  restricted  to  deciduous  bottomland 
hardwood  stands.   Barred  Owls  and  Red- 


shouldered  Hawks  are  two  birds  of  prey  common- 
ly found  in  hardwood  bottoms,  but  they  are  not 
normally  detected  in  singing  male  bird  census- 
es of  small  areas.   Wood  ducks,  which  feed  on 
hardwood,  mast  commonly  nest  in  tree  cavities. 
Many  colonial  nesters,  such  as  the  Yellow- 
crowned  Night  Heron,  nest  and  feed  in  swamps 
throughout  the  South.   The  Yellow-billed 
Cuckoo  is  widespread  in  the  canopy  of  hardwood 
bottoms.   The  Acadian  Flycatcher  is  associated 
with  moist  forests  (Shugart  and  James  1973, 
Smith  1977)  and  is  abundant  in  the  Louisiana- 
East  Texas  hardwood  bottoms.   Prothonotary 
Warblers,  Parula  Warblers,  and  American  Red- 
starts are  all  associated  with  floodplain  for- 
ests in  the  Big  Thicket  area  of  East  Texas 
(Bryan  et  al.  1975),  and  Prothonotary  and 
Parula  Warblers  are  common  during  breeding 
season  in  swamps  (Table  2) .   The  Prothonotary 
Warbler  nests  in  cavities,  which  are  abundant 
in  trees  killed  by  standing  water.   The  Parula 
Warbler  builds  in  nest  in  Spanishmoss,  which 
is  found  in  moist  habitats  (Lowery  1974:   505). 
The  Swainson's  Warbler,  common  in  the  Louisi- 
ana hardwood  bottom,  is  primarily  associated 
with  river  floodplains  and  moist  woods  of  the 
Southern  Appalachians  (Meanley  1971) . 

Several  rare  (or  extinct)  species  have 
been  linked  with  southern  bottomland  hardwoods. 
Hooper  and  Hamel  (1977)  determined  that  nest- 
ing habitat  of  the  extremely  rare  Bachman's 
Warbler  had  been  bottomlands  and  headwater 
swamps  that  were  inundated  for  short  periods 
and  subject  to  disturbances.   The  Ivory-billed 
Woodpecker,  a  bird  of  the  once  extensive  ma- 
ture bottomland  hardwoods  (Tanner  1942)  ,  is 
now  probably  extinct  because  of  timber  cutting. 

Bird  Populations  in  Winter 

Mature  bottomland  hardwoods  have  dense 
bird  populations  during  the  critical  winter 
period.   In  a  bottomland  hardwood  stand  in 
East  Texas,  the  estimated  winter  bird  popula- 
tion was  1168  per  km^ ,  higher  than  numbers  in 
a  nearby  pine  stand  (845  per  kra^)  and  in  an 
adjacent  pine-hardwood  stand  (672  per  km^) 
(Anderson  1975).   Number  of  species  and  species 
diversity  varied  little  between  stands.   In  a 
south  central  Louisiana  mature  hardwood  bot- 
tom, estimated  monthly  winter  populations 
varied  between  about  1400  and  2000  birds  per 
km^,  about  twice  the  breeding  bird  density 
(Dickson  unpubl.  data).   Winter  visitors, 
which  inhabit  more  northerly  habitats  or  other 
habitats  during  breeding  season,  dominated 
the  bird  community.   White-throated  Sparrow 
density  approached  500  per  km^  and  Common 
Crackles  varied  between  approximately  100  and 
1,000  per  km^  (Dickson  1974).   Red-headed 
Woodpeckers,  which  select  habitat  with  open 
understories  during  the  breeding  season,  were 
common  winter  residents  in  the  bottomland 
hardwoods.   Yellow-bellied  Sapsuckers,  Blue 
Jays,  Brown  Thrashers,  American  Robins,  Hermit 
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Table  1. — Comparison  of  breeding  bird  density,  diversity,  and 

number  of  species  in  different  habitats  in  Louisiana  and  East  Texas. 


1/ 


Stand 


ird  species   Number     Bird  density 
of       (territorial 
species   males  per  km^) 


.   2/ 
diversity- 


Pine 

Small  sapling 

2.32 

Sapling 

1.06 

Pole 

1.91 

Pole  (Cleaveland  1973) 

2.21 

Sawtimber 

2.66 

Sawtimber  (Noble  and 

2.69 

12 

313 

»3 

25 

9 

161 

11 

205 

18 

365 

18 

300 

Hamilton  1974) 


Pine-hardwood 
Small  sapling 
Sapling 
Pole 
Sawtimber 


2.27 
2.24 
2.11 
2.63 


14 

359 

11 

295 

9 

292 

17 

358 

Bottomland  hardwoods 


Tupelo  swamp  (Ortego        2.69 
and  Noble  1975) 

Oak-gum  (Dickson  1973)      2.32 

Oak-gum  (Hightower  et  al.    2.40 
1974) 


23 

16 

22 


1480 

752 
864 


i^/Oata  from  U.S.  Forest  Service  studies  and 
published  in  American  Birds. 


breeding  Bird  Censuses 


2/calculated  from  Shannon  inf 
the  proportion  of  all 


where  p . 
1 

Thrushes,  and  Ruby-crowned  Kinglets  are  other 
birds  commonly  found  in  bottomland  hardwoods 
during  winter. 

Breeding  and  Winter  Bird  Populations 
in  Hardwood  Plantations 

In  some  hardwood  areas,  primarily  in  the 
Mississippi  Delta,  uneven-aged  stands  are 
being  converted  to  hardwood  plantations,  main- 
ly Cottonwood,  sweetgum,  and  sycamore.   These 
plantations  and  natural  cottonwood  and  willow 
stands  on  new  land  are  deficient  in  plant 
species  mixture  and  foliage  height  diversity. 


ormation  formula  (1948),  H'  =  -Zp.lnp., 
birds  in  a  stand  of  each  species. 

unlike  the  natural  uneven-aged  stands  of  many 
tree  species.   Plantations  can  therefore  be 
expected  to  have  fewer  birds  and  lower  species 
diversity  than  natural  stands.   A  recent  in- 
vestigation of  wildlife  populations  in  cotton- 
wood  plantations  in  Mississippi  confirmed 
these  expectations  (Wesley  et  al.  1976).   Birds 
were  censused  in  a  natural  stand  and  in  an  un- 
thinned  plantation  on  Catfish  Point  and  in  a 
natural  stand,  an  unthinned  plantation,  and  a 
thinned  plantation  on  Huntington  Point.   Dur- 
ing winter  there  were  79  percent  more  birds  in 
a  natural  stand  than  in  an  unthinned  cotton- 
wood  plantation.   During  breeding  season. 
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Table  2. — Territorial  male  birds  per  km^  in  three  mature  bottomland 
hardwood  stands  in  Louisiana  and  East  Texas. 1/ 


Stand 


Species 


Tupelo     Oak-gum  (La.) 
swamp  (La.) 


Oak-gum  (Tx.) 


Wood  Duck  20 

Ye  How- crowned  Night  Heron     20 

Purple  Gallinule  10 

Yellow-billed  Cuckoo  20 

Chimney  Swift  40 

Pileated  Woodpecker 

Red-bellied  Woodpecker         80 

Ruby-throated  Hummingbird 

Downy  Woodpecker  80 

Great  Crested  Flycatcher      190 

Eastern  Kingbird  10 

Acadian  Flycatcher  140 

Eastern  Wood  Pewee 

Blue  Jay  30 

Carolina  Chickadee  80 

Tufted  Titmouse     '  20 

White-breasted  Nuthatch 

Carolina  Wren  80 

Wood  Thrush 

Blue-gray  Gnatcatcher 

Starling  40 

White-eyed  Vireo 

Yellow-throated  Vireo 

Red-eyed  Vireo  10 

Black-and-white  Warbler 

Parula  Warbler  110 

Yellow-throated  Warbler 

American  Redstart 

Swainson's  Warbler 


86 

12 
12 


62 


80 

148 
6 


136 
31 
25 


60 

4 
16 
16 
32 
28 

224 
4 

12 

64 

8 

64 

48 

4 
12 
92 

4 

12 
4 


25 
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Table  2. — Continued 


Stand 


Species 


Tupelo     Oak-gum  (La.) 
swamp  (La.) 


Oak-gum  (Tx.) 


Prothonotary  Warbler 
Kentucky  Warbler 
Hooded  Warbler 
Red-winged  Blackbird 
Common  Crackle 
Summer  Tanager 
Northern  Oriole 
Cardinal 
Rufous-sided  Towhee 


200 


90 
70 
20 
40 
80 


64 


12 
12 


93 
6 


12 


80 


^/ Data  from  breeding  bird  censuses  published  in  American  Birds : 
Tupelo  swamp  (La.)  (Ortego  and  Noble  1974),  Oak-gum  (La.)  (Dickson  1973), 
Oak-gum  (Tx.)  (Hightower  et  al.  1974). 


ird  density  and  number  of  bird  species  were 
ansistently  lower  in  unthinned  cottonwood 
lantations  than  in  natural  stands.   On 
untington  Point  in  the  thinned  plantation,  the 
umber  of  breeding  bird  species  was  similar  to 
hat  in  the  natural  stand,  but  bird  density 
as  lower.   Cavity  nesters  such  as  the  larger 
oodpeckers,  the  Great  Crested  Flycatcher, 
nd  the  Prothonotary  Warbler  avoided  the 
hinned  and  unthinned  plantations,  as  did 
ome  birds,  such  as  Hooded  and  Kentucky  War- 
lers,  that  are  associated  with  hardwood  mid- 
tory  (Dickson  and  Noble  in  press).   Although 
he  number  of  bird  species  was  lower  in  the 
lantations  than  in  the  natural  stands,  the 
nvestigators  thought  that  number  of  bird 
pecies  in  the  entire  area  was  probably  in- 
reased  because  some  species  such  as  Red- 
inged  Blackbirds,  Yellowthroats,  Yellow- 
reasted  Chats,  Norther  and  Orchard  Orioles, 
ufous-sided  Towhees,  and  Warbling  Vireos 
ere  commonly  found  in  plantations  but  not  in 
atural  stands. 

MANAGING  BIRD  HABITAT 
IN  THE  BOTTOMLAND  HARDWOODS 

The  main  threat  to  birds  that  inhabit 
ottomland  hardwoods  is  the  conversion  of  for- 
:sts  to  agricultural  land  and  reservoirs, 
'hus,  the  first  management  priority  should  be 
0  keep  bottomlands  in  hardwoods.   Birds  such 
IS  Prothonotary  and  Parula  Warblers,  which 
lave  specific  habitat  requirements  and  are  as- 


sociated with  bottomland  hardwoods  will  de- 
crease in  proportion  to  their  dwindling  habi- 
tat. 

Land  managers  should  maintain  a  diversity 
of  tree  species  and  age  classes.   Multiple 
objectives  of  bird  and  timber  management  can 
be  met  through  harvesting  by  single  tree  se- 
lection, group  selection,  or  small  clearcuts 
(e.g.,  <  40  ha).   Interspersion  of  forest 
stands  with  non-forested  land  such  as  crops 
should  increase  bird  diversity. 

Some  natural  mature  stands  (>  100  years 
old)  should  be  maintained.   Some  birds  of  the 
bottomlands  thrive  in  the  canopy  or  shaded 
understory  of  mature  stands.   Decayed  ;'ood  is 
abundant  in  natural  mature  stands  but  is  being 
eliminated  by  intensive  timber  management. 
Many  birds  nest  and  feed  in  decayed  wood.   For 
nest  building  woodpeckers  depend  on  trees  in- 
fected withheart  rots  (Conner  et  al.  1976). 
Many  other  secondary  cavity  nesters  use  wood- 
pecker excavations  for  nests  (Balda  1975). 

Although  diversity  of  habitat  should  be 
used  as  a  general  guideline,  some  large  ma- 
ture stands  (>  1000  ha)  and  corridors  of  ma- 
ture trees  between  stands  should  be  maintained. 
Such  corridors  should  insure  genetic  varia- 
bility by  maintaining  gene  flow  between  bird 
populations  that  might  otherwise  become  iso- 
lated. 
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To  increase  bird  density  and  diversity, 
managers  should  manipulate  stands  by  plant- 
ings, thinnings,  harvests,  etc.,  that  maximize 
foliage  layers  beneath  the  canopy.   A  basal 
area  of  about  20  m^  per  ha  over  a  portion  of 
each  stand  should  allow  understory  vegetation 
to  develop,  but  be  dense  enough  to  curtail 
epicormic  branching.   Basal  areas  lower  than 
20  m^  per  ha  can  be  maintained  without  pro- 
fuse epicormic  branching  if  thinnings  and 
harvest  cuts  are  conducted  gradually. 

The  same  management  techniques  discussed 
above  plus  stand  size  can  be  used  to  enhance 
habitat  patchiness  by  producing  dense  clumps 
of  vegetation  interspersed  with  sparse  or 
open  areas. 

Rare  species,  colonial  nesters,  and 
their  respective  habitats,  deserve  special 
efforts  in  research  and  habitat  management. 
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Oak-Pine  and  Oak-Hickory  Forest  Bird  Communities  and  Management 

Options 


Keith  E.  Evans- 


1/ 


Abstract. --Successional  trends,  soil-site 
characteristics,  and  land  use  options  in  the  oak-pine  and 
oak-hickory  forest  types  are  discussed  in  relation  to 
bird  populations  and  bird-habitat  associations.   Manage- 
ment guidelines  are  provided.   Management  alternatives 
include  attracting  birds  to  recreational  areas,  identify- 
ing unique  birding  areas,  managing  for  ecosystem  integrity, 
and  enhancing  the  habitat  for  cavity  nesting  bird  species. 


INTRODUCTION 

The  125  million  acre  oak-hickory  and 
the  34.5  million  acre  oak-pine  forest  types 
make  up  most  of  the  inland  forests  of 
eastern  United  States  and  account  for  30 
percent  of  all  commercial  timberland  in  the 
United  States  (USDA  Forest  Service  1977). 
In  addition,  much  of  the  loblolly-shortleaf 
pine  forests  would  be  replaced  by  oak-hickory 
species  if  successional  trends  were  unchecked 
(USDA  Forest  Service  1973a). 

These  vast  forests  are  extremely 
important  to  many  birds.   From  300  to  400 
species  use  the  area  each  year,  and  150  to 
200  of  them  nest  in  the  eastern  midcontinent 
region.   I  recognize  that  many  of  these 
species  are  not  dependent  directly  on  the 
oak-hickory  and  oak-pine  forest  types. 
Emphasis  will  be  on  those  bird  species  that 
nest  or  winter  in  association  with  oak- 
hickory  and  oak-pine  types.   Migrating 
species,  although  important,  seem  more 
adaptable  to  habitat  variations  and  are  less 
affected  by  most  forest  management  options. 
Management  goals  for  migrants  should  be 
directed  to  those  species  with  specific 
needs  (Sprunt  1975). 


Many  agencies,  including  the  Forest 
Service,  have  recently  expended  much  effort 
to  include  nongame  birds  in  their  management 
plans.   The  main  cooperative  endeavors  in- 
clude:  (1)  Service-wide  Timber-Wildlife 
Coordination  Workshop  (USDA  Forest  Service 
1973b),  (2)  Timber-Wildlife  Management  Sympo- 
sium (Slusher  and  Hinckley  1974),  and  (3) 
Sjraiposium  on  the  Management  of  Forest  and 
Range  Habitats  for  Nongame  Birds  (Smith  1975). 
These  efforts  along  with  regional  workshops 
will  set-the-stage  for  future  management  pro- 
grams and  identify  high  priority  research 
needs . 


PLANT  COMMUNITIES 

The  area  occupied  by  oak-hickory  and 
oak-pine  forest  is  highly  diverse  due  to 
elevation  gradients,  north-south  climatic 
gradients,  topography,  soil-site  differences, 
aspect,  successional  stages,  and  land-use 
options.   Somewhere  between  3,000  and  5,000 
plant  species  occur  in  the  area.  Most  of  the 
emphasis  in  this  paper  will  be  on  vegetative 
shape  or  structure  and  the  variations  in 
structural  attributes  caused  by  succession, 
soil-site  characteristics,  and  land  use- 
options. 


Natural  Succession 


—  Principal  Wildlife  Biologist,  North 
Central  Forest  Experiment  Station,  Forest 
Service,  U.S.  Department  of  Agriculture, 
Columbia,  Missouri. 


Oak-Hickory  Forests 

Succession  is  a  dynamic  process  with 
rapid  changes  occurring  for  approximately  40 
years  before  a  more  or  less  stable  oak-hickory 
forest  community  persists.   The  first  year 
after  a  cultivated  field  is  abandoned,  a  wide 
variety  of  annual  grasses  and  forbs  appear. 
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Years  3  to  6  show  a  change  from  annual  species 
to  perennial  grasses  and  forbs,  and  shrubs 
begin  to  invade.   Years  6  to  15  are  the 
"brush"  years--shrub  species  dominate  and 
there  is  an  increase  in  post  oak,  shagbark 
hickory,  and  the  clonal  tree  species.   By 
year  15  many  clonal  species  such  as  persimmon 
are  decreasing.   Between  years  15  and  40,  an 
increase  occurs  in  the  more  climax  species 
such  as  white  and  black  oak  (Drew  1942, 
Shelford  1963).   The  quality  of  the  site 
determines  the  dominants  in  the  older  oak- 
hickory  stands.   The  best  sites  will  produce 
white,  red,  and  black  oak;  the  intermediate 
sites  will  produce  white  and  post  oak;  and 
the  poor  sites  will  produce  mostly  post  and 
blackjack  oak. 


characteristics  must  be  considered  as  an 
integral  part  of  a  model  that  associates  bird 
species  with  attributes  of  nesting,  roosting, 
and  feeding  sites. 

A  relatively  tight  crown  closure  is 
common  throughout  the  oak-hickory  and  oak-pine 
forests.   Murphy  and  Crawford  (1970)  found 
that  85  percent  of  their  oak-pine  plots,  and 
91  percent  of  their  oak  and  mixed  hardwood 
plots  had  a  crown  closure  exceeding  70  percent. 
Total  vegetation  production  on  these  plots  was 
genera]i,ly  less  than  200  pounds  of  oven  dry 
material  per  acre  per  year.   Density  of  for- 
est stands  and  crown  closure  probably  influence 
understory  development  more  than  any  other 
factors  (Table  1). 


Oak-Pine  Forests 

Succession  for  the  oak-pine  type  is 
similar  to  the  oak-hickory  except  that  pine 
seedlings  come  in  after  site  disturbances. 
The  pine  often  persist  for  up  to  100  years. 
In  the  piedmont  area,  abandoned  cultivated 
areas  will  first  be  vegetated  with  annual 
forbs  and  horseweed  and  then  be  invaded 
with  broomsedge.   The  broomsedge  (as  a 
dominant)  will  be  replaced  by  pine  after 
about  6  years.   The  oak-pine  forests  that 
develop  often  contain  large  amounts  of  yellow- 
poplar  and  blackgum  after  15  to  40  years  of 
succession.   If  logging,  fire,  and  other 
disturbances  are  eliminated,  the  oak-hickory 
forest  components  will  begin  to  dominate 
after  40  years  (Costing  1942,  Johnston  and 
Odum  1956). 

Old  field  successional  stages  are 
different  than  succession  after  a  clearcut. 
These  differences  are  more  obvious  in  the 
oak-pine  type  than  in  the  oak-hickory  type. 
Old  fields  proceed  into  nearly  pure  pine 
stands  that  persist   for  many  years  before 
the  oak  forest  components  appear.   However, 
when  an  oak-pine  forest  is  clearcut,  the 
entire  range  of  oak-pine  forest  components 
will  be  present  throughout  stand  development. 
For  the  purposes  of  this  paper,  my  comments 
will  include  forest  situations  where  oak- 
pine  components  exist  and  exclude  situations 
where  the  land-use  option  is  to  maintain 
and  manage  for  pine. 


Table  1 . --Frequency  of  occurrence  of  forest 
understory  plants  in  Missouri  (Murphy  and 
Crawford  1970).   (In  percent) 


:  Oak- 

•  Black- 

:White 

Plant 

:  pine 

•  scarlet 
oak 

:  oak 

Panic  grass 

26 

19 

26 

Little  bluestem 

and  broomsedge 

23 

13 

12 

Sedge 

14 

18 

22 

Poverty  oatgrass 

9 

8 

11 

Lespedeza 

33 

22 

24 

Tick  trefoil 

27 

27 

40 

Aster 

25 

22 

24 

Pussytoes 

17 

12 

21 

Dittany 

13 

8 

15 

Goat's  rue 

13 

-- 

-- 

Sunflower 

9 

9 

-- 

Blueberry 

42 

28 

32 

Hickory 

20 

23 

16 

White  oak 

19 

18 

34 

Sassafras 

18 

21 

15 

Black  oak 

15 

18 

15 

Post  oak 

12 

11 

-- 

Shortleaf  pine 

11 

-- 

-- 

Scarlet  oak 

10 

8 

-- 

Grape 

10 

12 

13 

Flowering  dogwood 

9 

10 

17 

Woodbine 

-- 

9 

14 

Hawkweed 

-- 

-- 

8 

Blackgum 

-- 

-- 

10 

Soil-Site  Characteristics 

Soil-site  attributes  play  an  important 
role  in  the  structural  development  of  a 
forest.   The  better  sites  tend  to  have  more 
plant  species  and  a  more  developed  under- 
story.  Soil  type  and  fertility  is  an 
ecological  force  that  influences  the  quan- 
tity and  quality  of  food  and  cover.   Thus  soil 
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Stand  development  after  a  regeneration 
cut  in  upland  hardwoods  is  similar  to  old 
field  natural  succession  except  for  a  short 
herbaceous  stage.   The  first  10  to  15  years 
after  a  regeneration  cut  are  referred  to  as 
the  "brush"  stage  when  25,000  woody  stems  per 
hectare  is  common.   By  year  20,  75  percent  of 
these  will  die  on  areas  with  a  site  index  of 
55,  80  percent  will  die  on  areas  with  a  site 
index  of  65,  and  85  percent  will  die  on  areas 
with  a  site  index  of  75.   By  age  80,  natural 
death  in  unthinned  stands  will  eliminate  90 
percent  of  the  woody  stems  that  were  present  , 
at  age  20.   By  age  80,  site  index  55  areas 
will  support  approximately  600  trees  per 
hectare  (average  of  23.4  cm  d.b.h.),  site 
index  65  will  have  460  trees  per  hectare 
(average  of  27.2  cm  d.b.h.),  and  site  index 
75  will  have  410  trees  per  hectare  (average 
of  29.2  cm  d.b.h.)  (Gingrich  1971).   These 
dead  and  dying  trees  provide  important  nest- 
ing sites  and  feeding  resources  for  many 
birds  throughout  the  rotation  age  of  the 
forest  (Hardin  and  Evans  1977). 


Land  Use  Impacts 

Timber,  range,  agriculture,  and  urban 
activities,  along  with  many  other  land  use 
options,  have  a  significant  impact  on  the 
structural  characteristics  and  successional 
stages  of  forest  areas  (Table  2).   Species 
composition  changes  as  vegetation  type  and 
structure  changes,  but  all  birds  are  never 
eliminated.   From  the  diverse  h^.bitat  pre- 
ferences of  eastern  deciduous  bird  species, 
and  the  large  number  of  species  selecting 
edge  types,  we  can  assume  that  these  species 
evolved  in  an  area  of  high  diversity  with 
considerable  edge.   The  greatest  potential 
detrimental  impacts  of  modern  silvicultural 
practices  are  probably  the  removal  of  cull 
and  dead  trees  and  the  elimination  of  large 
tracts  of  old  growth. 


Table  2.--A  digitized  classification  system 
for  the  vegetational  conditions  (structural 
communities)  existing  in  the  area  of 
eastern  United  States  occupied  by  oak- 
hickory  and  oak-pine  forest  types 


100  Forest  openings 

110  Cultivated,  row  crops 
120  Pasture 

121  Mowed 

122  Grazed 

130  Early  successional  stages  or  shallow 
soil 

131  Bare  ground  and  rock  outcrops 

132  Low  herbaceous  cover,  mostly 
annual  plants 


133  Herbaceous,  mostly  perennial 
grasses  and  forbs 

134  Herbaceous,  mostly  grasses  and 
forbs  with  shrub  invasion 

135  Clonal  shrubs  such  as  corral- 
berry,  persimmon,  and  eastern 
redcedar 

136  Small  tree  glade,  with  eastern 
redcedar,  winged  elm,  sumac, 
persimmon,  and  mixed  hardwoods 
less  than  4  m  tall 

200  Urban  areas 

300  Forest  and  woodland 

310  Regeneration  (less  than  5  cm  d.b.h.) 

311  Without  site  preparation 

312  With  site  preparation 

320  Seedling-sapling  (5-10  cm  d.b.h.) 

321  Natural  regeneration 

322  Artificial  regeneration 
330   Pole  stand  (10-25  cm  d.b.h.) 

331  Natural  thinning  only 

331.1  Limited  understory 

331.2  Primarily  grass-forb 
understory 

331.3  Primarily  low  shrub 
understory 

331.4  Primarily  shade  tolerant 
midstory  species  in 
understory 

331.5  Well  developed  multi- 
layered  understory 

332  Thinning,  selection  harvest 

332.1  Limited  understory 

332.2  Primarily  grass-forb 
understory 

332.3  Primarily  low  shrub 
understory 

332.4  Primarily  shade  tolerant 
midstory  species  in 
understory 

332.5  Well  developed  multi- 
layered  understory 

340  Sawlog  stand  (more  than  25  cm  d.b.h.) 

341  Natural  thinning  only 

341.1  Limited  understory 

341.2  Primarily  grass-forb 
understory 

341.3  Primarily  low  shrub 
understory 

341.4  Primarily  shade  tolerant 
midstory  species  in 
understory 

341.5  Well  developed  multi- 
layered  understory 

342  Thinning,  selection  harvest 

342.1  Limited  understory 

342.2  Primarily  grass-forb 
understory 

342.3  Primarily  low  shrub 
understory 

342.4  Primarily  shade  tolerant 
midstory  species  in 
understory 

342.5  Well  developed  multi- 
layered  understory 
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350 


351.2 
351.3 
351.4 

351.5 


352 


Old  growth  (a  stand  older  than 
"economic  rotation  age,"  usually 
characterized  by  an  overstory  of 
old  trees  of  which  many  are  suit- 
able for  cavity  nesting  species) 
351  Natural  thinning  only 

351.1   Limited  understory 

Primarily  grass-forb 
understory 
Primarily  low  shrub 
understory 

Primarily  shade  toler- 
ant midstory  species 
in  understory 
Well  developed  multi- 
layered  understory 
Thinning,  selection  harvest 
352.1  Limited  understory 

Primarily  grass-forb 
understory 
Primarily  low  shrub 
understory 

Primarily  shade  toler- 
ant midstory  species  in 
understory 

Well  developed  multi- 
layered  understory 
zones 
Vegetation  associated  with  perennial 
streams 

Vegetation  associated  with  inter- 
mittent streams 

Vegetation  associated  with  large 
reservoirs 

Vegetation  associated  with  ponds, 
sinkholes,  and  springs 


352, 
352, 
352, 


352.5 

400  Water  influence 
410 

420 

430 

440 


Originally,  the  majority  of  the  eastern 
United  States  was  a  mature  (old  growth) 
deciduous  forest.   The  exact  pattern  of  the 
mosaic  of  successional  stages  is  unknown. 
John  J.  Audubon  and  Alexander  Wilson  in  their 
extensive  travels  throughout  the  region  saw 
only  a  limited  number  of  birds  that  are  re- 
stricted to  brushy  successional  stages 
(Griscom  and  Sprunt  1957).   Their  journals 
indicate  that  extensive  tracts  of  old  growth 
forests  were  common.   Little  information  is 
available  on  bird  population  levels  in  climax 
forest  stands.  Most  stands  that  have  been 
studied  are  small  fragments  (forest  islands) 
and  bird  population  composition  and  density 
is  strongly  influenced  by  the  "edge  effect" 
(Table  3),  'Most  forest  interior  bird  species 
are  able  to  breed  in  forest  fragments  as 
small  as  35  acres  (15  ha).   However, 
MacClintock  et   al,  (1977)  stated  that  this  is 
apparently  only  possible  if  the  fragment  is 
"subsidized"  by  a  nearby  major  forest  system. 


Table  3 . --Population  of  the  common  breeding 
bird  species  on  two  mature  (possibly 
climax)  forests:   (a)  oak-hickory  forest 
in  West  Virginia  and  (b)  oak-hickory  hard- 
woods of  the  Southern  Piedmont  Plateau  in 
North  Carolina  (Loery  1966) 


Bird  species 


Forest  habitat 


(Birds/40  ha  or 
100  acres) 


Red-eyed  vireo 

Ovenbird 

Wood  thrush 

Cardinal 

Carolina  chickadee 

Black-throated  green 

warbler 
Tufted  titmouse 
Black  and  white  warbler 
Cerulean  warbler 
Blue  jay 

Yellow-throated  vireo 
Solitary  vireo 
Hooded  warbler 
Acadian  flycatcher 
Brown-headed  cowbird 
Scarlet  tanger 
Blackbumian  warbler 
Eastern  wood  pewee 
Downy  woodpecker 
Great  crested  flycatcher 
Red-bellied  woodpecker 
Carolina  wren 
White-eyed  vireo 
Rufous-sided  towhee 
Common  flicker 
Hairy  woodpecker 
Summer  tanager 
White-breasted  nuthatch 
Blue-gray  gnatcatcher 
Worm-eating  warbler 
Black-throated  blue  warbler 


47 

62 

37 

26 

27- 

51 

— 

26 

— 

23 

20 

17 

17 

13 

13 

3 


10 

10 

7 

7 

7 


18 


14 
4 

11 

11 

11 

9 
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BIRD-HABITAT  ASSOCIATIONS 

The  study  of  habitat  selection  by  birds 
is  a  fascinating  but  complex  subject.   Each 
bird  seems  to  have  a  physiological  and 
behavioral  preference  for  a  certain  set  of 
habitat  attributes.   Although  there  are 
variations  in  the  habitats  chosen  by  differ- 
ent individuals  of  the  same  species,  there 
are  generally  larger  differences  between 
habitats  chosen  by  different  species.   This 
fact  enables  us  to  describe  vegetation  con- 
ditions (types)  that  are  preferred  by 
certain  species.   For  example,  we  know  that 
killdeer  prefer  a  bare  ground  type,  that 
yellow-breasted  chats  prefer  a  brushy  area, 
and  that  pileated  woodpeckers  prefer  ex- 
tensive areas  of  mature  or  over-mature 
forests.   But  why  should  species  have  a 
preferred  habitat?   Because  the  presence  of 
other  species  makes  it  necessary  to  special- 
ize.  This  specialization  more  efficiently 
utilizes  all  the  components  of  the  environ- 
ment and  lessens  competition  between  species. 
Any  change  in  vegetation  type  or  structure 
throughout  the  oak-hickory  or  oak-pine  for- 
ests will  change  the  bird  species  composition 
(Tables  4  and  5) . 
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Table  4 . --Abundance  of  bird  species  found  in  various  stages  of  oak-pine  succession  (adapted 

from  Johnston  and  Odum  1956) 


Dominant  plant 

s  and 

age  in 

years 

of  study 

area 

Oak- 

Bird  species 

Gra 

ss- 

hickory 

Forbs 

Grass 

shrub 

Pine 

forest 

climax 

1-2 

2-3 

15 

: 

20 

25 

:   35 

:   60   : 

100 

150-200 

Grasshopper  sparrow 

B-i/ 

A 

A 

Eastern  meadowlark 

C 

B 

B 

C 

Field  sparrow 

A 

A 

¥V 

C 

C 

Yellowthroat 

B 

B 

Yellow-breasted  chat 

C 

B 

Cardinal 

C 

C 

B 

B 

B 

A 

A 

Rufous-sided  towhee 

C 

C 

B 

B 

B 

B 

Bachman's  sparrow 

C 

C 

C 

Prairie  warbler 

C 

C 

White-eyed  vireo 

C 

C 

C 

Pine  warbler 

B 

A 

B 

A 

Summer  tanager 

C 

B 

B 

B 

B 

Carolina  wren 

C 

C 

A 

B 

Carolina  chickadee 

C 

C 

C 

C 

Blue-gray  gnatcatcher 

C 

B 

B 

Brown-headed  nuthatch 

C 

C 

Eastern  wood  pewee 

B 

c 

C 

Hummingbird 

B 

B 

B 

Tufted  titmouse 

C 

B 

B 

Ye  How- throated  vireo 

C 

C 

C 

Hooded  warbler 

C 

A 

B 

Red-eyed  vireo 

C 

B 

A 

Hairy  woodpecker 

C 

C 

C 

Downy  woodpecker 

C 

C 

C 

Great  crested  flycatcher 

C 

B 

C 

Wood  thrush 

C 

C 

A 

Yellow-billed  cuckoo 

C 

B 

Black  and  white  warbler 

C 

Kentucky  warbler 

C 

Acadian  flycatcher 

C 

Totals:   (including  rare 
species  not  listed 
above) 


15 


40 


110   136 


87 


93 


158 


239 


228 


—  A  is  most  abundant,  B  is  abundant,  and  C  is  common. 
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Table  5. --Abundance  of  bird  species  found  in  various  age  stands  after  clearcutting  a  mixed  oak 
stand  in  Virginia  (adapted  from  Conner  and  Adkisson  1975) 


Species 


1-year- 

old    ; 

;    3-year-old    ; 

;    7-year- 

■old    ; 

;    12 

-year-o 

Id    : 

;    Pole 

:    Mature 

clearcut      ; 

;      clearcut 

clearcut      : 

c 

learcut 

;    stand 

:    stand 

A^/ 

C 

C 

C 

A 

B 

B 

C 

B 

C 

C 

C 

B 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

B 

C 
B 
B 
B 
C 
G 
C 
C 
C 
C 
C 
C 
C 
C 

C 
B 
B 
B 
C 
C 
C 
C 
C 

C 
C 

C 
A 
C 
B 
B 
B 
C 
C 

C 
C 

B 
C 

C 

c 

Eastern  bluebird 

Indigo  bunting 

Carolina  wren 

Common  flicker 

Carolina  chickadee 

Downy  woodpecker 

American  goldfinch 

Brown-headed  cowbird 

Prairie  warbler 

Field   sparrow 

Rufous-sided    towhee 

Yellow-breasted   chat 

Hooded  warbler 

Golden-winged  warbler 

Cardinal 

Blue-winged  warbler 

Brown  thrasher 

Chestnut-sided  warbler 

Ruby- throated   hummingbird 

Hairy  woodpecker 

Catbird 

Worm-eating  warbler 

Kentucky  warbler 

Whip-poor-will 

White-eyed  vireo 

Eastern  wood  pewee 

Red-eyed  vireo 

Great  crested  flycatcher 

Black  and  white  warbler 

Scarlet  tanager 

Ovenbird 

Blue-gray  gnatcatcher 

Wood   thrush 

Acadian  flycatcher 

Tufted  titmouse 

Pileated  woodpecker 

White-breasted  nuthatch 

Turkey 

Ruffed  grouse 


c 

C 

c 

B 

C 

c 

C 

c 

c 

c 

C 

C 

A 

6 

B 

C 

B 

B 

C 

C 

B 

C 
C 
C 

C 

c 

Number  of  bird  species 
observed 


39 


162 


154 


143 


44 


93 


1/ 


A  is  most  abundant,  B  is  abundant,  and  C  is  common. 
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The  word  habitat  is  often  used  in 
reference  to  a  specific  mapable  unit  or 
obvious  vegetation  condition.   Several  species 
co-exist  in  any  selected  vegetation  type 
(mapable  habitat  unit)--for  example,  an  oak- 
hickory  well  stocked  pole  stand  with  limited 
understory  (Table  2,  number  331.1)  might  be 
inhabited  by  red-eyed  vireos,  tufted  titmice, 
downy  woodpeckers,  blue-gray  gnatcatchers , 
and  many  others.   The  Volterra-Gause  princi- 
ple asserts  the  two  species  cannot  co-exist 
indefinitely  if  they  are  limited  in  their 
population  size  by  the  same  factors.   This 
principle  implies  that  co-existing  species 
are  limited  by  different  factors.   These 
differences  are  often  complex  and  subtle. 
Shugart  et   £l  (1975)  touched  on  this  princi- 
ple when  they  listed  groups  of  birds  that 
co-existed  in  a  given  vegetation  type,  but 
used  the  resources  differently.   For  example, 
kinglets,  titmice,  and  chickadees  have 
similar  feeding  behavior,  but  different  food 
preferences;  red-eyed  vireos,  Carolina  wrens, 
and  ruby-crowned  kinglets  eat  similar  foods, 
but  have  different  feeding  behavior.   From  a 
management  point-of-view,  I  feel  that  it  is 
important  to  indicate  groups  of  species  that 
will  co-exist  in  one  vegetation  type  without 
long  discussions  of  the  subtle  differences 
(Tables  4  and  5) . 

One  other  idea  pursued  in  the  management 
guidelines  is  the  recognition  that  bird 
species  vary  greatly  in  the  specificity  of 
their  habitat  requirements.   The  stenoecious 
species,  those  with  limited  adaptability  to 
habitat  variability,  provide   the  greatest 
potential  and  challenge  for  management. 
These  species  require  a  specific  habitat 
component  (or  components)  to  complete  at 
least  one  phase  of  their  life  cycle.   Most 
of  the  rare,  endangered  and  threatened 
species  are  stenoecious. 

Structure  of  vegetation  tends  to  play 
a  dominant  role  in  bird  habitat  selection 
processes  (Lack  1933,  Miller  1942,  Kendeigh 
1945,  Bond  1957  and  others).   For  example, 
several  warbler  species  will  live  in  a 
mature  lowland  forest  with  an  understory  of 
giant  cane  but,  as  shown  below  they  utilize 
different  resource  attributes. 


Species 


Height  of 

nest  or 

foraging 

area 


Feeding 
sites 


Cerulean  warbler 
Yellow-throated        15  m 

warbler 
Black  and  white 

warbler 
Parula  warbler  10  m 

Redstart 


Yellow  warbler  7  ra 

Prothonotary 

warbler 
Kentucky  5  m 

warbler 
Hooded  warbler 
Wormeating 

warbler 
Swainson' s 

warbler 
La.  waterthrush    0  m 


Tree  tops  (canopy) 
Glean  from  small 

limbs 
Glean  from  large 

limbs 
Generalist 
Second  growth, 

large  insect 

prey 
Water  edge 
Cavity  nester 

Feeds  by  glean- 
ing 
Feeds  by  hawking 
Steep  slope 

In  giant  cane 

Along  streams 


To  maintain  a  full  and  natural  complement 
of  wildlife  species,  a  full  and  natural  com- 
plement of  plant  communities  (habitats)  must 
be  retained  in  the  landscape.   Forest  areas 
are  in  a  continual  state  of  flux  and  the 
distribution  of  comparable  areas  of  vegetation 
varies  with  time  (succession)  and  space 
(aerial  extent).   Land  use,  soil,  and  landform 
are  each  horizontal  components  of  habitat 
heterogeneity  whereas  the  abundance  of  forb, 
shrub,  midstory,  and  canopy  species  are 
vertical  components  of  habitat  heterogeneity. 
The  horizontal  and  vertical  components  are 
interrelated,  both  between  the  components  and 
within  the  attributes  of  each  component.   A 
similar  arrangement  of  components  results  in 
a  stand.   There  will  be  variability  within  a 
stand,  but  generally  management  resolution 
will  not  be  concerned  with  subtle  variations. 
A  sufficient  number  and  arrangement  of  stands 
of  each  vegetation  condition  (serai  stage)  is 
necessary  to  harbor  oganisms  requiring  spe- 
cific habitats,  because  succession,  land  use 
options,  and  local  disasters  will  continually 
cause  areas  to  be  unsuitable  to  some  species. 
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A  full  vegetative  complement  including 
mature  and  dead  standing  trees,  full  under- 
story  and  shrub  layer  and  wide  edges  is 
necessary  to  maintain  diverse  breeding  bird 
populations  (Linehan  e_t  a_l  1967  and  Verner 
1975).   Siderits  (1975)  indicated  that  plant 
species  compositions,  age-class  and  spatial 
coverage  of  stands  are  the  most  easily  mani- 
pulated. Maximum  diversity  is  a  lower 
priority  objective  than  maintaining  a  good 
distribution  of  the  adapted  communities. 
Communities  should  be  delineated  on  the  basis 
of  plant  species  dominants,  age,  and  stock- 
ing level.   This  type  of  management  will 
benefit  most  species.   The  remaining  species 
of  interest--those  with  specific  habitat 
components,  endangered,  threatened,  or  unique 
status,  or  those  of  economic  importance-- 
will  require  specifically  designed  programs. 

Specialized  management  plans  could  be 
initiated  where  one  or  more  species  requires 
"featuring"  because  of  low  population  num- 
bers, restricted  range,  or  special  interest. 
For  example,  a  prescription  might  call  for 
the  control  of  understory  shrub  species  in 
a  mature  forest  to  create  a  park-like  stand 
for  the  Cooper's  hawk,  barred  owl,  prothono- 
tary  warbler,  robin,  and  red-headed  wood- 
pecker.  Another  prescription  would  be  to 
maintain  an  old  field  in  low  growing  herba- 
ceous cover  to  provide  habitat  for  eastern 
meadowlarks,  several  species  of  sparrows, 
and  bobv7:.ites.   Other  birds  that  show  defi- 
nite habitat  preferences  include:   those 
that  depend  on  large  trees  (northern  oriole 
and  hooded  warbler) ;  those  that  depend  on 
brushland  (common  yellowthroat ,  gray  catbird, 
yellow-breasted  chat,  white-eyed  vireo,  and 
Kentucky  warbler);  and  the  forest  edge 
species  (mockingbird,  yellow  warbler,  indigo 
bunting,  and  blue-winged  warbler). 

The  oak-pine  forests  are  of  greater 
value  to  wintering  bird  populations  than 
are  the  oak-hickory  forests  (Table  6).   At 
least  two  major  factors  enter  into  this 
importance--the  oak-pine  forests  are  more 
southern  and  the  coniferous  tree  component 
provides  additional  cover.   The  true  impor- 
tance of  the  oak-pine  and  oak-hickory 
forests  in  protecting  and  feeding  wintering 
populations  and,  thus,  maintaining  breeding 
population  is  unknown. 


Table  6. --Population  levels  of  common  winter- 
ing birds  on  three  habitat  types:   (A)  oak- 
hickory  forest  in  Kansas,  (B)  mixed  pine- 
deciduous  forest  in  Louisiana,  and  (C) 
upland  oak-hickory  forest  in  Virginia 
(Ryder  and  Ryder  1976) 


Species 


Habitat    type 


Common   grackle 
White-throated 

sparrow 
Ruby-crowned 

kinglet 
Red-headed 

woodpecker 
Tufted    titmouse 
Blue   jay 
Black-capped 

chickadee 
Carolina 

chickadee 
Pine  warbler 
Red-bellied 

woodpecker 
Carolina  wren 
Common  crow 
Dark-eyed   junco 
American   robin 
Yellow-rumped 

warbler 
Cardinal 
White -breasted 

nuthatch 
Golden- crowned 

kinglet 
American   gold- 
finch 
Downy  woodpecker 
Brown  creeper 
Common    flicker 
Yellow-bellied 

sapsucker 
Red-breasted 

nuthatch 
Bobwhite 
Eastern  phoebe 
Hermit  thrush 
Hairy  woodpecker 
Pileated  woodpecker 


(Birds/40  ha  or 
132 

82 

50 


100  acres) 


25 

14 

7 

17 

23 

+ 

25 


13 


18 

15 

23 

- 

14 

7 

18 

4 

- 

15 

14 

- 

14 

- 

14 

_ 

14 

- 
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MANAGEMENT  GUIDELINES 

The  wildlife  management  profession  has 
evolved  through  four  distinct  phases  since 
its  birth  in  the  United  States  in  the  early 
1900' s.   These  phases  are:   (1)  awakening  of 
the  public,  (2)  protection  of  a  dwindling 
resource,  (3)  single  species  management,  and 
(4)  the  presently  favored  "holistic"  approach 
that  involves  intensive  coordination  with 
other  program  objectives.   This  last  phase 
promises  to  be  the  most  complex,  but  is 
potentially  the  most  rewarding. 

Setting  specific  management  goals  for  a 
resource  as  large  and  diverse  as  eastern 
United  States  avifauna  is  complex,  confusing, 
often  contradictory,  and  maybe  somewhat  naive. 
Many  approaches  have  been  suggested  and/or 
tried  such  as  to:   (1)  maximize  vertical 
and/or  horizontal  vegetational  diversity, 

(2)  maximize  density  of  a  featured  species, 

(3)  maximize  number  of  species  in  a  "key" 
area--from  a  recreational  point-of-view 
this  maximizes  the  probability  of  inter- 
specific encounter,  and  (4)  manage  for 
economic  commodities  and  let  the  birds 
adapt. 

In  designing  management  programs ,  two 
assumptions  should  be  applied.   First,  each 
species  should  be  recognized  for  its  intrin- 
sic value  in  ensuring  the  perpetuation  of 
natural  ecosystems.   Therefore,  all  native 
species  should  be  protected  and  efforts 
directed  toward  achieving  and/or  maintaining 
self-sustaining  population  levels.   Second, 
different  values  can  exist  compatibly  on 
the  same  area  or  in  close  proximity.   There- 
fore, the  needless  sacrifice  of  any  value  is 
indefensible  and  the  failure  to  make  the  most 
of  all  values  is  a  dereliction  of  sound 
management.   This  still  allows  for  areas 
where  trees  ought  not  be  cut,  others  where 
game  ought  not  be  harvested,  and  others 
where  the  public  should  be  excluded. 

I  won't  discuss  the  many  forest 
management  options  that  exist  because  these 
have  been  discussed  in  Zeedyk  and  Evans 
(1975)  and  Sander  (1977).   Three  major 
options  exist--even-aged  management,  uneven- 
aged  management,  and  preservation. 

With  few  exceptions  (Marquis  1967) 
even-aged  management  is  recommended  by  hard- 
wood silviculturists ,  primarily  because 
other  systems  fail  to  produce  adequate  repro- 
duction and  growth  of  desirable  intolerant 
species  (Sander  and  Clark  1971,  Trimble  1970, 
Arend  and  Scholz  1969,  Roacti  and  Gingrich 
1968).   Three  silvicultural  cutting  systems 
are  employed  to  achieve  even-aged  stands-- 
seedtree,  shelterwood,  and  clearcutting. 
Stands  typically  pass  through  six  recognizable 


stages--annual  weed,  brush,  sapling,  pole, 
small  sawtimber,  and  mature  sawtimber.   The 
two  types  of  operations  in  the  life  of  an 
even-aged  stand  are  the  harvest  cutting  and 
intermediate  treatments  (thinnings).   The 
impacts  of  these  operations  on  bird  populations 
are  discussed  in  detail  by  Webb  e_t  al  (1977). 

For  the  purposes  of  this  paper  uneven- 
aged  and  all-aged  management  are  lumped. 
Harvesting  is  done  at  scheduled  intervals  and 
the  trees  to  be  cut  are  selected,  whether 
individ.ually  or  in  small  groups.   Selection 
is  made  on  the  basis  of  age,  diameter,  vigor, 
form,  and  species.   Noncommercial  treatment 
may  follow  commercial  harvest  to  remove  cull 
stems  and  undesirable  species.   Regulation  is 
by  volume  and  diameter  rather  than  by  area. 
Uneven-aged  management  tends  to  favor  shade- 
tolerant  species  and  to  maintain  a  climax 
state  or  advance  plant  succession  toward  the 
climax  community  (Filip  1973).   Intolerant 
or  midtolerant  species  may  sprout  but  fail 
to  develop,  thus  the  selection  system  is  not 
recommended  for  oak  silviculture.   Some 
woodland  owners  practice  uneven-aged  manage- 
ment or  "selection  forestry"  largely  for 
aesthetic  reasons. 

Uneven-aged  management  tends  to  decrease 
tree  species  diversity  and  overstory  biomass 
variations.   Thus  vertical  diversity  is  en- 
hanced and  horizontal  diversity  reduced.   I 
found  no  direct  information  on  how  these 
changes  influence  bird  populations  but  I  can 
speculate  on  a  few  changes.   The  amount  of 
edge  habitats  would  probably  decrease  within 
a  management  unit.   Some  birds,  like  the  cat- 
bird, seem  to  adjust  to  small  openings  (Bond 
1957)  and  may  utilize  the  edges  resulting 
from  group  selection  cutting.   Birds  that 
require  larger  openings  would  not  adjust  to 
uneven-aged  management  options.   The  non- 
commercial removal  of  snags  and  cull  trees 
may  influence  cavity  nesting  species.   Here 
again  information  is  lacking  on  specific  com- 
parisons of  vertical  and  horizontal  plant 
diversity. 

Preservation  as  a  management  option  has  as 
its  objective  the  development  of  a  natural 
appearing  forest,  free  from  any  evidence  of 
logging.   Presumedly  the  end  result  is  the 
eventual  development  of  old  growth  or  climax 
plant  community.   Preservation  is  the  selected 
objective  of  many  Federal,  State,  and  local 
agencies  as  well  as  private  organizations 
and  individuals.   Like  any  other  form  of 
management,  it  has  certain  impacts  upon  wild- 
life habitat.   Stand  structure  and  composition 
will  vary  with  climatic  and  edaphic  conditions, 
overstory  density,  past  use,  fire  history, 
wildlife  and  livestock  browsing,  and  in  the 
case  of  bottomland  hardwoods,  flood  frequency, 
timing,  and  duration.   Bond  (1957),  Odum  (1950). 
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and  others  have  shown  that  the  diversity  of 
bird  species  is  maximized  at  the  preclimax 
or  middle  successional  stage  and  that  the 
number  of  species  as  well  as  total  number  of 
individuals  is  less  at  the  climax  stage.   A 
group  of  forest-dwelling  birds  such  as  the 
red-eyed  vireo  and  the  cavity-nesting  species 
of  woodpeckers  and  owls  would  probably  bene- 
fit from  preservation  objectives.   Fire, 
storms,  and  site  differences  may  create  a 
mosaic  of  stands  within  a  preservation  frame- 
work. 

I  recommend  that  management  adopt  the 
following  four-pronged  approach,  and  that 
research  strive  to  provide  the  information 
needed  to  accomplish  this  program. 

1.  Bring  the  birds  to  the  people  by 
developing  habitats  in  and  adjacent  to 
recreational  facilities  and  by  enhancing 
bird  viewing  opportunities. 

2.  Bring  the  people  to  the  birds  by 
identifying  unique  birding  areas,  develop- 
ing access  to  good  birding  spots,  and 
educating  the  people  in  the  art  of  bird 
appreciation. 


4.   Develop  and  initiate  ways  to  enhanc 
the  habitat  of  the  numerous  cavity  nesting 
species  by  accepting  the  idea  that  dead  and 
dying  trees  are  part  of  the  natural  stand 
development  process.   Thinnings  should  be  done 
by  girdling  or  herbiciding  instead  of  felling, 
Regeneration  goals  could  often  be  achieved 
without  removing  all  dead,  dying,  and  cull 
trees.   Rotation  age  has  a  major  influence  on 
the  cavity  nesting  bird  species.   These 
birds  generally  require  mature  forests  for  at 
least  part  of  their  life  cycle.   Short 
rotation  cycles  create  young,  vigorous,  fast- 
growing  timber  stands  with  few  natural 
cavities  and  dead  trees.   At  least  part  of 
each  management  unit  should  be  scheduled  for 
a  long  rotation  period--in  excess  of  100 
years  throughout  the  oak-hickory  type.   The 
pileated  and  red-bellied  woodpeckers  are  two 
examples  of  birds  that  require  extensive 
mature  forest  stands.   The  barred  owls'  pre- 
ferred habitat  is  an  oak  woods  that  is  free 
from  understory  brush  and  that  has  many  dead 
or  dying  trees--conditions  that  are  often 
present  in  over-mature  forests. 


3.  Manage 
enhancing  the  st 
physical  and  veg 
landscape  (Table 
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to  ensure  fulfil 
life  requirement 
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Table  1 ,--k   summary  of  the  major  habitat  components  considered  in  the  management  programs  of 
the  Mark  Twain  National  Forest  (USDA  Forest  Service  1973c) 


Habitat  component 


Definition 


Quantitative 
objectives 


Qualitative 
objectives 


Remarks 


Age-size  classes 


The  proportion 
of  various  ages 
or  sizes  repre- 
sented ages 
0-90;  sizes-- 
sawlogs,  poles, 
saplings,  &  re- 
production 


Balance  of  age- 
size  by  compart- 
ment ,  347o  sawlogs 
447o  poles,  117„ 
saplings,  and  117o 
regeneration  size 


A  balance  of  age- 
size  classes  by 
vegetation  types 
when  adequate 
acreage  present 


Primarily  com- 
mercial forest 
land ,  managed 
under  an  even- 
age  system 


Mast 


Nuts  and  seeds 
from  hardwood 
trees 


407o  of  the  com- 
partment acreage 
in  mast-produc- 
ing stands  (307o 
for  pine  com- 
partments) 


Hardwood  vege- 
tation types  and 
species  charac- 
teristics of  the 
compartment 


All  hardwoods 
and  hardwood- 
conifer  types  of 
commercial  forest 
land  and  unpro- 
ductive land 


Old  growth 


Mature  and  over- 
mature stands  of 
all  types 


107o  of  the  com- 
partment acreage 
in  old  growth 
conditions 


Vegetation  types 
and  sites  repre- 
sentative of 
the  compartment 


All  forested  types 
and  all  land 
classes  suitable 
for  growing  trees 


Temporary  forage 


Tree  reproduction 
less  than  10  yrs. 
old 


117o  of  the  com- 
mercial land 
managed  under 
even-age  system 
(127o  for  pine) 


Interspersion  of  All  regeneration 

regeneration  areas  cuts  and  type 

among  existing  conversion  areas 

vegetation  types  0-9  years  of  age 
and  sites 


Permanent  forage 


Areas  managed 
for  forbs, 
grasses,  shrubs, 
or  small  trees 


More  than  97.  of 
the  compartment 
acreage  (more 
than  87o  for  pine 
compartments) 


A  variety  of 
permanent  for- 
age conditions 
and  areas  with- 
in compartments 


Forest  openings, 
grass  lands  (pas- 
ture and  hay 
meadows),  glades, 
upland  drainages, 
rights-of-way, 
and  savannas 
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Cove  Forests:  Bird  Communities  and  Management  Options 


1/ 


Robert  G.  Hooper^ 


Abstract. — Over  60  species  of  birds  regularly  nest  in 
cove  forests.   A  primary  goal  for  managing  nongame  birds  is  to 
provide  suitable  habitat,  at  some  stage  of  the  rotation,  for 
each  species  that  naturally  occurs  in  a  forest  type.   Even- 
aged  stands  up  to  25  acres  and  rotations  of  100  years  should 
meet  that  goal  in  cove  forests.   Commercial  thinnings  benefit 
shrub  nesting  species  but  remove  potential  sites  for  cavity 
nesters . 


INTRODUCTION 


The  forests  of  mountain  coves,  ravines, 
and  adjacent  moist  slopes  of  the  Southern 
Appalachians  are  among  the  most  productive 
hardwood  types  of  the  North  Temperate  Zone . 
They  have  great  esthetic  value,  protect  water 
quality,  and  are  of  considerable  botanical 
interest .   Depending  upon  stand  age  and  spe- 
cies composition,  these  forests  provide  hab- 
itat for  many  species  of  birds.   In  this 
paper  I  review  existing  information  on  breed- 
ing communities  of  birds  in  cove  forests  and 
predict  possible  effects  of  forest  management 
options  on  these  communities.   Cove  forests 
also  may  be  important  to  winter  bird  popula- 
tions ,  but  data  are  lacking  for  an  interpre- 
tation. 

THE  COVE  FOREST 

Cove  forests  are  found  at  elevations 
between  1,000  and  ^4,500  feet  in  the  Southern 
Appalachians  of  Virginia,  Tennessee,  North 
Carolina,  South  Carolina,  and  Georgia.   They 
occupy  coves,  ravines,  and  adjacent  moist 
lower  slopes.   An  estimated  3.5  million  acres 
of  cove  forest  exist  in  the  Southern  Appala- 
chians (D.  E.  Beck,  pers.  eommun.).   Some  30 
tree  species  occur  in  cove  forests;  6  to  8 
may  be  prominent  in  any  particular  stand 
(Braun  19 6l ,   p.  199-205;  Davis  1930; 
Whittaker  1956).   At  least  10  of  these  spe- 
cies are  considered  of  high  commercial  value 
(table  l). 

Various  forest  cover  types  have  been 
recognized  in  coves  (table  2).   These  types 
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grade  into  oak,  oak-hickory,  and  oak-pine 
types  on  relatively  dry  sites .   At  high  ele- 
vations ,  cove  forests  give  way  to  northern 
hardwoods  and  spruce-fir.   Hemlock  commonly 
dominates  on  floors  of  ravines  at  all  eleva- 
tions and  on  broad  valley  flats  around  ^+,000 
feet  above  sea  level. 

Understory  conditions  vary  tremendously: 
both  open  parklike  and  extremely  dense  under- 
stories  occur.   Rosebay  rhododendron  [Rhodo- 
dendron maximum)   generally  forms  dense  under- 
stories  near  streams  and  beneath  hemlock- 
dominated  stands.   In  stands  which  are  pre- 
dominately hardwood,  a  large  variety  of  shrubs 
and  small  trees  occur  in  the  understory. 
Many  stands  with  an  open  understory  have  a 
lush  herbaceous  layer  (Cain  19^3). 

While  stands  at  or  near  climax  contain 
primarily  tolerant  species — sugar  maple,  buck- 
eye, hemlock,  and  beech  (table  l) — even  the 
intolerant  but  long-lived  and  fast-growing 
yellow-poplar  occurs  sparingly  (Fowells  I965, 
p.  261).   Climax  stands  are  normally  dominated 
by  several  species . 


BIRD  COMMUNITIES 

General 

All  of  the  62  species  of  birds  known  to 
nest  in  the  different  serai  stages  of  cove 
forests  (table  3)  can  be  found  nesting  in 
other  forest  types  in  the  Southern  Appalach- 
ians or  in  other  physiographic  regions.   Some 
stands  have  an  unusually  large  number  of  spe- 
cies (table  h) ,   but  the  average  cove  forest 
does  not  have  more  species  than  other  types 
in  the  Southern  Appalachians  (Fawver  1950). 
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Table  1. — Major  tree  species  of  cove  forests 


Species 


Potential 

commercial 

Tolerance  to 

value 

competition 

High 

Intolerant 

High 

Tolerant 

High 

Intolerant 

High 

Intolerant 

High 

Intolerant 

High 

Intermediate 

High 

Intermediate 

High 

Intermediate 

High 

Very  tolerant 

High 

Intermediate 

Medium 

Intolerant 

Medium 

Intolerant 

Medium 

Intermediate 

Medium 

Intolerant 

Medium-low 

Tolerant 

Low 

Very  tolerant 

Low 

Intermediate 

Low 

Intermediate 

Low 

Intermediate 

Low 

Tolerant 

Low 

Tolerant 

Low 

Intolerant 

Yellow-poplar  ( Liriodendron  tulipifera) 

Basswood  (Tilia  spp. ) 

Black  cherry  (Pmnus  serotina) 

Black  walnut  (Juglans  nigra) 

White  ash  (Fraxinus  ameviaana) 

White  oak  (Quevaus  alba) 

Northern  red  oak  (Q.    rubra) 

Cucumber  tree  (Magnolia  aavminata) 

Sugar  maple  (Aaer  saaeamm) 

White  pine  (Pinus  strobus) 

Sweet  birch  Betula  lenta) 

Black  locust  (Rohina  pseudoaaacia) 

Chestnut  oak  (Q.    prinus) 

Hickories  (Carya  spp.) 

Yellow  buckeye  (Aesoulus  oatandra) 

Beech  (Fagus  grandifolia) 

Red  maple  (A.    rubrum) 

Yellow  birch  (B.    lutea) 

Fraser  magnolia  (Magnolia  Fraseri) 

Silver  bell  (Halesia  montiaola) 

Hemlock  (Tsuga  canadensis) 

Blackgum  (Nyssa  sylvatica) 


Table  2. — Forest  cover  types  of  coves,  ravines,  and  adjacent  moist  slopes  in 

the  Southern  Appalachians 


SAF 
type 


1/ 


R-8  Wildlife  habitat 
management  handbook 


type 


2/ 


R-8  Timber 
manage,    types 


3/ 


Yellow-poplar-white  oak- 
northern  red  oak 

Yellow-poplar-hemlock 


Yell ow-pop 1 ar 

Hemlock 

White  pine-hemlock 

Northern  red  oak- 
basswood-white  ash 


Yellow  poplar-white  oak- 
northern  red  oak 

White  pine-yellow  poplar- 
hemlock 


Yellow  poplar-white  oak- 
northern  red  oak 

White  pine-yellow  poplar 


Hemlock-hardwood 

Yellow-poplar 

Hemlock 


!_/   Anon.   196?.   Forest  cover  types  of  North  America.   Soc .  Amer.  For.,  Washington, 

D.  C. 
2/   Anon.   1971.   Wildlife  habitat  management  handbook.   U.  S.  Dep.  Agric,  For. 

Serv.,  Region  8,  Atlanta,  Ga. 
2/  Anon.   1972.   Compartment  prescription  field  book.   U.  S.  Dep.  Agric,  For.  Serv., 

Region  8,  Atlanta,  Ga. 
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1/ 


Tatle  3. — Relative  value  of  serai  stages  of  cove  forest  as  nesting  habitat—' 


Virg 

in 

Second- 

-Growth 

Species 

Hardwoods 

Hemlock 

Sawtimber 

Pole 

Sapling 

Broad-winged  Hawk 

X 

X 

X 

Ruffed  Grouse 

X 

X 

X 

X 

XX 

Yellow-billed  Cuckoo 

X 

X 

Screech  Owl 

X 

X 

Barred  Owl 

X 

X 

Ruby-throated  Hummingbird 

X 

Common  Flicker 

X 

X 

X 

X 

Pileated  Woodpecker 

XX 

XX 

Hairy  Woodpecker 

X 

X 

X 

Downy  Woodpecker 

X 

X 

Great  Crested  Flycatcher 

X 

X 

Eastern  Phoebe 

X 

Acadian  Flycatcher 

X 

X 

XX 

Eastern  Wood  Pewee 

X 

X 

X 

X 

Blue  Jay 

X 

X 

X 

X 

Black-capped  Chickadee 

X 

X 

X 

Carolina  Chickadee 

X 

XX 

X 

X 

Tufted  Titmouse 

X 

X 

XX 

X 

White-breasted  Nuthatch 

X 

X 

X 

Red-breasted  Nuthatch 

X 

X 

X 

Brown-creeper 

X 

X 

Winter  Wren 

X 

X 

X 

X 

Carolina  Wren 

X 

X 

X 

Gray  Catbird 

X 

X 

X 

XX 

Brown  Thrasher 

X 

X 

American  Robin 

X 

X 

X 

X 

Woodthrush 

XX 

XX 

XX 

XX 

Veery 

X 

X 

X 

X 

X 

Blue-gray  Gnatchatcher 

X 

X 

Golden-crowned  Kinglet 

X 

Cedar  Waxwing 

X 

White-eyed  Vireo 

X 

Yellow-throated  Vireo 

X 

X 

Solitary  Vireo 

XX 

XX 

XX 

XX 

X 

Red-eyed  Vireo 

XX 

X 

XX 

X 

X 

Black-and-white  Warbler 

X 

X 

XX 

X 

X 

Swainson's  Warbler 

XX 

X 

Worm-eating  Warbler 

X 

X 

Golden-winged  Warbler 

X 

X 

Northern  Parula 

X 

X 

X 

X 

X 

Black-throated  Blue  Warbler 

XXX 

XX 

XX 

XX 

Black-throated  Green  Warbler 

XX 

XXX 

XX 

Blackburnian  Warbler 

X 

XXX 

X 

X 

Yellow-throated  Warbler 

X 

Chestnut-sided  Warbler 

X 

XX 

Pine  Warbler 

X 

Prairie  Warbler 

X 

Ovenbird 

X 

X 

XX 

X 

Louisiana  Waterthrush 

X 

Common  Yellowthroat 

X 

Yellow-breasted  Chat 

X 

XX 

Hooded  Warbler 

X 

X 

XX 

X 

X 

Canada  Warbler 

XX 

XX 

X 

X 

X 

Scarlet  Tanager 

X 

X 

X 

X 

X 

Cardinal 

X 

X 

X 

X 

Rose-breasted  Grosbeak 

X 

X 

X 

X 

Indigo  Bunting 

X 

X 
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Tatle  3. — Continued 


Virgin 

Se( 

;ond- 

-Growth 

Species 

Hardwoods   Hemlock 

Sawtimbf 

=r 

Pole 

Sapling 

American  Goldfinch 

X 

X 

Rufous-sided  Towhee 

X 

X 

XX 

Dark- eyed  Junco 

XX         XX 

XX 

Chipping  Sparrow 

X 

X 

Field  Sparrow 

X 

X 

Song  Sparrow 

X 

XXX 

!_/    X  =  Species  occurs  at  low  frequencies  and  densities.   Also  occurs  in 
other  hahitats  at  greater  densities. 
XX  =  Species  occurs  at  medium  densities  but  also  occurs  at  equal  or 
greater  densities  in  other  habitats. 
XXX  =  Species  occurs  at  highest  densities  within  the  region. 

The  table  is  based  on  literature  cited  in  the  text  and  personal  observation 
by  the  author. 


Table  h. — Densities  and  numbers  of  species  of  birds  in  cove  forests 


1/ 


Stand  condition 


Bird 
density 
(pairs/lOOacres ) 


Number  of 
species 


Number  of 
censuses 


Seedling  and 
sapling 

Poletimber 

Sawtimber 

Virgin 
Hemlock 

Hardwoods 


66-321 

270-296 
333-510 
23O-U3O 

183-370 


8-13 

21-35 
17-30 
13-23 

9-19 


1/  Values  in  table  taken  from  literature  cited  in  text. 


A  1-year-old  clearcut  had  66   pairs  of  breeding 
birds  per  100  acres  (Lewis  and  Smith  1975). 
The  mean  for  all  other  cove  forests  reported 
(Fawver  1950;  Holt  197^;  Mellinger  1969-1975, 
1977;  Odum  1950)  was  31*4  pairs  per  100  acres, 
and  the  highest  was  510  pairs  per  100  acres. 
These  densities  are  greater  than  for  other 
forest  types  in  the  Smoky  Mountains  (Fawver 
1950)  and  for  most  other  forest  types  in  the 
South  and  Southeast . 

Virgin  Stands 

Fawver  (1950 )  censused  four  virgin  cove 
forests  that  were  dominated  by  hardwoods  and 
two  that  were  dominated  by  hemlock.   0d\mi 
(1950)  and  Holt  (l97^)  censused  a  virgin  hem- 
lock stand  at  a  12-year  interval.   Density  of 
pairs  of  breeding  birds  per  100  acres  ranged 


from  183  to  370  in  the  hardwood  stands  and 
from  230  to  U30  in  the  hemlock  stands  (table 
h) .     The  virgin  hardwood  areas  had  13  to  23 
species  of  breeding  birds  and  the  virgin  hem- 
lock had  9  to  19  species.  A  total  of  28  spe- 
cies nested  in  the  virgin  stands.   Each  of 
these  species  nests  in  other  habitats,  both 
in  the  region  and  in  other  regions. 

Species  most  dependent  on  virgin  stands 
appear  to  be  the  Black-throated  Blue  Warbler, 
Black-throated  Green  Warbler  and  Blackburnian 
Warbler.   Although  these  species  occur  in 
serai  stages  of  the  cove  forests  and  in  other 
forest  types,  they  reach  high  densities  in 
the  virgin  cove  forests.   The  Black- throated 
Blue  Warbler  was  the  most  abundant  species  in 
the  hardwood-dominated  cove  forests,  account- 
ing for  up  to  59  percent  of  the  density  of 
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■breeding  individuals:  one  area  had  I85  breed- 
ing pairs  per  100  acres  (Fawver  1950).   Al- 
though densities  of  the  Black-throated  Blue 
Warbler  were  less  in  hemlock-dominated  for- 
ests, it  was  still  an  abundant  species.   The 
Blackburnian  Warbler  and  the  Black-throated 
Green  Warbler  were  associated  mostly  with 
hemlock  stands . 

Twelve  cavity  nesters  used  the  virgin 
stands  but  were  usually  more  abundant  in  the 
second-growth  stands. 

Second-Growth  Stands 

Mellinger  (1969-75,  19TT,  pers.  commun. ) 
censused  a  mature  sawtimber  stand  for  9  con- 
secutive years.  Odum  (l950)and  Holt  (19T^) 
censused  a  poletimber  stand  in  19^6-hl   and 
in  1959-60 ;  they  revisited  the  stand  in  1971- 
72  when  it  was  in  a  sawtimber  stage.   They 
also  censused  a  stand  in  the  sapling  stage  in 
19h6-U'J   and  1959-60,  and  again  in  1971-72 
when  in  a  pole  stage.   Lewis  and  Smith  (1975) 
censused  a  stand  1  growing  season  after  clear- 
cutting. 

Population  density  and  number  of  species 
in  the  second-growth  pole  and  sawtimber  stands 
were  similar  to  those  of  the  virgin  stands 
(table  h) .      Bird  species  found  in  the  virgin 
stands  were  well  represented  in  the  second- 
growth  sawtimber  stands  (table  3).   The  sec- 
ond-growth stands  did  not  have  the  high  den- 
sities of  Black-throated  Blue  Warblers  that 
Fawver  (1950)  reported  for  the  virgin  stands. 
Holt  (197^*)  found  hk   pairs  of  Black- throated 
Blue  Warblers  per  100  acres — the  highest  re- 
ported in  second-growth  stands . 

The  pole  stands  had  surprisingly  large 
bird  populations  (table  h) .      This  abundance 
may  have  been  due  to  a  light  stocking  of 
trees,  the  occurrence  of  hemlock,  and  a  well- 
developed  rhododendron  understory  (Odvim  1950; 
Holt  197^).   Pole  stands  of  yellow-poplar  and 
other  hardwoods  would  probably  have  much  lower 
densities . 

The  composition  of  bird  species  was  con- 
siderably different  in  sapling  plots  than  in 
older  stands  (table  3).   For  example,  Odum 
(1950)  reported  a  percentage  difference  (which 
takes  into  account  the  abundance  of  each  spe- 
cies) of  97.9  between  a  sapling  and  a  virgin 
stand. 


TIMBER  MANAGEMENT  PRACTICES 

Cove  sites  are  highly  productive  and  are 
typically  classed  as  good  to  excellent  for 
timber  growth.   Oaks  grow  65  to  90  feet  and 
yellow-poplar  grows  90  to  lUO  feet  in  50 
years  (Trimble  1973;  Beck  and  Della-Bianca 


1972).   At  80  years,  well-stocked  stands  of 
second-growth  hardwoods  contain  about  37,000 
board  feet  per  acre  on  the  best  sites  and 
25,000  board  feet  per  acre  on  lower  quality 
sites  (Frothingham  1931). 

Since  the  majority  of  desirable  timber 
species  are  relatively  intolerant  of  compe- 
tion  (table  l),  cove  forests  are  generally 
managed  for  timber  under  even-aged  silvicul- 
tural  systems  (Trimble  1973). 

The  individual  selection  silvicultural 
system,  leading  to  all-aged  stands,  may  be 
used  where  disturbance  to  the  canopy  must  be 
minimized  to  protect  esthetic  values  or 
stream  banks.   Because  selective  cutting  fa- 
vors tolerant  species  like  buckeye,  hemlock, 
beech,  and  sugar  maple,  it  may  reduce  stand 
diversity.   Of  the  tolerant  species,  only 
sugar  maple  and  basswood  have  high  commercial 
potential.   Selection  cuts  heavy  enough  to 
encourage  regeneration  of  intolerant  species 
may  result  in  understocked  stands  and  high- 
grading  (Trimble  1973). 

Group  selection  cuts  as  small  as  0.25 
acre  can  regenerate  the  intolerant  species, 
but  openings  of  0.5  to  1.0  acre  are  more  de- 
sirable for  growth  of  the  regeneration 
(Trimble  1973).   However,  the  impact  of  deer 
browsing  upon  the  reproduction  can  be  severe 
in  openings  that  small  (Harlow  and  Downing 
1969). 

Shelterwood  cuttings  are  silviculturally 
feasible  and  could  be  used  to  maintain  a  for- 
ested canopy.   The  shelterwood  system  may  be 
especially  suited  to  securing  advanced  regen- 
eration of  heavy-seeded  species  such  as  oaks. 
The  seed  tree  method  is  unnecessary  in  cove 
forests  because  many  of  the  hardwoods  sprout 
readily,  advanced  regeneration  is  normally 
present,  and  the  light  seeds  of  certain  spe- 
cies carry  long  distances  (Trimble  1973). 

Clearcutting  offers  the  greatest  poten- 
tial for  intensive  timber  management.   Maxi- 
mum reproduction  and  growth  of  the  desirable 
timber  species  are  provided  under  this  system 
(Trimble  1973).   Clearcuts  as  small  as  1  acre 
(essentially  overlapping  the  group  selection 
system)  can  be  used.   Silviculturally  there 
is  no  upper  size  limit  for  clearcuts,  but  on 
forests  under  multiple-use  management  upper 
size  limits  are  imposed  to  enhance  wildlife 
and  other  values . 

Rotation  length  for  maximum  wood  pro- 
duction is  about  70  years  for  yellow-poplar 
and  80  for  oaks .   Most  landowners  use  rota- 
tions of  70  to  100  years.   The  National  For- 
ests currently  use  100-year  rotations  to  en- 
hance scenic  values. 
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Precommercial  thinnings  increase  growth 
rate  and  improve  stand  composition  and  stem 
distribution.   Such  treatments  are  costly, 
however,  and  gains  must  be  high  to  justify 
them.   Production  of  palatable  browse  may  be 
a  partial  justification  for  precommercial 
thinning  (Della-Bianca  1975)-   On  some  areas, 
there  is  a  need  to  release  crop  trees  from 
grapevines  (McGee  and  Hooper  1975).   Rosebay 
rhododendron  is  so  dense  in  some  areas  that 
it  severely  inhibits  tree  regeneration,  but 
no  practical  means  of  control  is  available 
(Della-Bianca  and  McGee  1972). 

Stands  containing  high  percentages  of 
yellow-poplar  are  usually  quite  dense,  and 
wood  fiber  yields  are  highest  when  these  den- 
sities are  maintained.   If  the  major  goal  is 
to  enhance  growth  of  saw  logs  and  veneer 
bolts,  however,  periodic  thinnings  are  re- 
quired.  A  rule  of  thimb  for  maximum  board- 
foot  growth  in  thinned  stands  30  to  70  years 
old  is  to  match  residual  basal  area  to  site 
index,  e.g.,  90  square  feet  basal  area  on 
site  90  and  so  on  (Beck  and  Della-Bianca 
(1975). 


MANAGEMENT  IMPACTS  AND  RECOMMENDATIONS 

Goals 

If  a  manager  wants  to  encourage  birdlife, 
his  goal  should  be  to  provide  suitable  habitat 
for  each  indigenous  species  for  some  period 
during  the  timber  rotation.   Further,  he  should 
ensure  that  these  sets  of  conditions  are  always 
present  at  some  point  in  the  forest.   Any 
practice  that  alters  vegetation  will  benefit 
some  species  of  birds  and  be  detrimental  to 
others.   It  is  impossible  to  have  all  bird 
species  nesting  in  the  same  stand  at  the  same 
time,  but  suitable  habitat  conditions  for  each 
species  can  be  provided  in  some  part  of  the 
forest  all  the  time.   This  approach  will  pro- 
vide for  more  bird  species  than  any  attempt 
to  maximize  the  species  and  bird  density  on 
each  acre. 

Recommendations  for  bird  management  are 
provided  below.   These  recommendations  are 
based  on  the  best  available  information.   They 
are,  however,  largely  untested. 


and  Pileated  Woodpecker  may  require  longer 
rotations  for  habitat  conditions  approaching 
their  optimum. 

Shorter  rotations  of  say  70  to  80  years 
may  provide  habitat  for  most,  if  not  all,  of 
the  species  that  were  found  in  virgin  stands, 
but  some  of  these  species  would  probably  be 
existing  under  marginal  habitat  conditions 
that  have  unknown  impacts  on  the  species. 

Stand  Regeneration 

Clearcutting 

Clearcuts  as  small  as  1  acre  will  pro- 
vide habitat  for  all  the  species  in  table  3 
listed  under  the  Second-Growth  Sapling  Stage 
except  the  Prairie  Warbler,  Yellow-breasted 
Chat,  and  Field  sparrow.   These  three  spe- 
cies are  by  far  more  abundant  in  the  early 
serai  stage  of  the  oak-hickory  and  oak-pine 
types  adjacent  to  the  cove  types  so  they 
would  not  be  eliminated  from  the  forest 
(Hooper  I967)  . 

Larger  clearcuts  of  say  25  acres  would 
provide  suitable  habitat  for  larger  and  less 
fragmented  populations  of  the  early  serai 
species.   Birds  requiring  mature  stands  would 
be  better  provided  for,  in  the  long  run,  by 
the  larger  clearcuts  since  the  older  stands 
would  also  be  larger  in  area.   Clearcuts  ex- 
ceeding 30  acres  in  cove  forests  seem  unnec- 
essary in  managing  bird  populations:   all  spe- 
cies using  sapling  and  mature  stands  should 
find  habitat  in  stands  of  that  size. 

Shelterwood  Cuts 

Shelterwood  regeneration  areas  with  a 
residual  basal  area  of  UO  to  50  square  feet 
per  acre  would  probably  provide  habitat  for 
most  of  the  species  of  the  sapling  stage. 
Species  using  edge  habitats,  such  as  Chest- 
nut-sided Warblers  and  Indigo  Buntings  would 
be  especially  attracted  to  shelterwood  areas. 
Some  of  the  species  of  the  mature  forest 
would  continue  to  use  the  shelterwood  area 
until  the  residual  trees  were  removed.   Due 
to  the  layering  of  the  vegetation,  a  larger 
number  of  bird  species  would  be  expected  on 
these  areas  than  on  the  clearcut  areas . 


Rotation  Age 


Group  Selection  Cuts 


Rotations  of  100  years  seem  adequate  to 
provide  habitat  for  the  bird  species  associ- 
ated with  virgin  stands.   Specific  studies  on 
stand  age  as  it  relates  to  bird  communities 
in  cove  forests  are  lacking,  but  none  of  the 
second  growth  stands  reported  were  greater 
than  100  years  old.   Certain  species,  such  as 
the  Black- throated  Blue  Warbler,  Barred  Owl, 


Group  selection  cuts  approaching  1  acre 
would  have  effects  similar  to  the  smallest 
clearcuts  discussed  above.   Smaller  cuts  of 
0.25  to  0.50  would  probably  have  effects 
similar  to  the  individual  selection  cuts  dis- 
cussed below. 
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Individual  Selection  Cuts 

Individual  selection  cuts  with  a  resid- 
ual "basal  area  of  80  square  feet  or  less  per 
acre  and  group  selection  cuts  of  0.25  to  0.50 
acres  would  probably  result  in  high  densities 
and  numbers  of  species.   Species  requiring 
either  a  continuous  canopy  or  sparse  canopy 
might  be  at  a  disadvantage  under  these  condi- 
tions. 


Conner,  Richard  N.,  Robert  G.  Hooper,  Hewlette 
S.  Crawford,  and  Henry  S.  Mosley. 
1975.   Woodpecker  nesting  habitat  in  cut  and 
uncut  woodlands  in  Virginia.   J.  Wildl. 
Manage.  39 :l'+'*-150. 

Davi  s ,  John  H . 

1930.   Vegetation  of  the  Black  Mountains  of 
North  Carolina:  An  ecological  study.   J. 
Elisha  Mitchell  Sci.  Soc.  ^5: 291-318. 


Thinnings 

Commercial  thinnings  on  these  good  sites 
result  in  prolific  growth  of  the  understory 
(D.  E.  Beck,  pers.  commun.).   Both  the  number 
of  species  and  number  of  individual  birds 
should  increase  (Hooper  and  others  1973)  fol- 
lowing thinnings . 

Thinnings ,  and  possibly  individual  and 
group  selection  cuts ,  could  have  a  severe  im- 
pact on  the  Pileated  Woodpecker.   Pileated 
nest  trees  in  Virginia  (Conner  and  others 
1975)  were  on  mesic  sites  and  in  stands  with 
an  average  basal  area  of  137  square  feet  per 
acre.   Most  nest  cavities  were  in  dead  trees 
or  in  dead  portions  of  live  trees.   Such  trees 
are  usually  removed  in  thinnings.   Although 
pileateds  have  territories  of  100  to  200 
acres  and  larger,  leaving  as  little  as  1  acre 
per  100  acres  of  cove  forest  unthinned  (but 
regenerated  in  the  normal  rotation)  could 
greatly  improve  conditions  for  the  pileated 
and  other  woodpeckers  in  intensively  managed 
cove  forests .   Thinning  in  the  usual  manner 
but  girdling  and  leaving  several  of  the  less 
valuable  trees  might  be  a  more  economical  al- 
ternative. 
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A  Comparison  of  Avian  Community  Structure  in  the  Northern  and 
Southern  Appalachian  Mountains 

1/  2/ 

Barry  R.  Noon—  and  Kenneth  P.  Able- 


Abstract. — The  structure  of  avian  communities  along  eleva- 
tional  gradients  is  examined.  A  descriptive  analysis  of  commun- 
ity-level properties,  contrasting  northeastern  and  southeastern 
communities,  is  presented.   Hypotheses  sufficient  to  explain 
differences  in  community  organization  are  proposed  and  examined 
by  analysis  at  the  population- level.   Emphasis  is  placed  on 
shifts  in  species  habitat  utilization  subsequent  to  changes  in 
species  composition  and  habitat  availability-   Suggestions  for 
the  development  of  workable  habitat  management  schemes  are 
presented. 


INTRODUCTION 

Numerous  studies  have  recently  been  con- 
ducted in  an  attempt  to  understand  niche  pat- 
terns within  animal  communities,  the  correla- 
tions between  various  niche  dimensions  and 
species  diversity,  and  the  contribution  of 
critical  dimensions  to  achieving  species  co- 
existence.  Many  of  these  studies  have  dealt 
explicitly  with  the  importance  of  habitat 
usage  in  ecological  communities,  particularly 
bird  communities  (MacArthur  and  MacArthur, 
1961;  MacArthur  et  al. ,  1966;  Cody,  1968; 
Wiens,  1969;  James,  1971;  Shugart  and  Patten, 
19  72;  Anderson  and  Shugart,  19  74;  Whitmore, 
1977;  and  others).   Of  particular  relevance  to 
this  symposium  is  the  almost  unanimous  consen- 
sus that  bird  species  diversity  is  strongly 
correlated  with  structural  habitat  diversity 
and  that  for  the  maj  ority  of  species  there  is 
a  cause  and  effect  relationship  between  these 
variables. 

MacArthur  and  his  coworkers  initially  es- 
tablished the  importance  of  habitat  structure 
when  they  discovered  the  strong  positive  cor- 
relation between  foliage  height  diversity,  an 
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index  of  the  vertical  distribution  of  foliage 
biomass,  and  species  diversity  (MacArthur  and 
MacArthur,  1961;  MacArthur  and  Freer,  1962) . 
The  major  significance  of  this  finding  was 
that  a  single  index  was  such  a  powerful  pre- 
dictor of  species  diversity  in  a  variety  of 
geographically  distinct  locales. 

Following  MacArthur,  many  additional 
studies  aimed  at  understanding  the  connection 
between  habitat  structure  and  species  diversity 
have  been  conducted  (reviewed  in  Balda,  19  75). 
In  recent  studies  there  has  been  a  movement 
away  from  analyses  of  single  habitat  variables 
towards  multivariate  analyses  of  habitat  data 
(i.e.,  Shugart  and  Patten,  19  72;  Whitmore,  19  77 
The  complexity  has  been  expanded  primarily  for 
two  reasons:   1)  to  understand  bird  species 
diversity  patterns  in  those  communities  for 
which  foliage  height  diversity  (and  other  in- 
dexes such  as  percent  vegetation  cover)  had  not 
been  a  good  predictor  (i.e.,  Balda,  1969;  Karr, 
1971;  Pearson,  1975;  Willson,  19  74);  and,  2)  to 
discover  the  specific  features  of  habitat  struc 
ture  which  were  contributing  to  species  diver- 
sity. 

From  studies  of  avian  communities  occupyin 
temperate  forests,  some  general  patterns  of  re- 
source partitioning  have  emerged.   The  most  im- 
portant of  these  is  that  habitat  selection  is 
the  dominant  factor  determining  bird  distribu- 
tions and  habitat  features  are  more  important 
than  food  availability  in  avian  resource  divi- 
sion (Schoener,  1974;  Shugart  et  al. ,  1975). 
Further,  a  review  of  multivariate  studies  of 
habitat  partitioning  in  forest  bird  communities 
(James,  1971;  Shugart  and  Patten,  1972;  Shugari 
and  James,  19  73;  Anderson  and  Shugart,  19  74; 
Whitmore,  1975,  1977)  reveals  a  consistently 
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dominant  rola  for  a  small  subset  of  structural 
habitat  variables.   The  extensive  discrimina- 
tory power  contained  in  just  a  few  variables 
is  best  illustrated  by  Whitmore  (19  77)  who  was 
able  to  significantly  separate  a  community  of 
24  species  by  considering  only  10  habitat 
variablas. 

The  consistency  apparent  in  these  find- 
ings indicates  that  a  few  structural  features 
of  the  habitat  may  be  the  dominant  determin- 
ants of  species  diversity.   Further,  they  ar- 
gue for  a  general  pattern  of  forest  community 
organization  independent  of  geographical  lo- 
cation within  the  temperate  zone.   The  unique 
features  of  temperate  avian  species  which  re- 
sult in  regular  patterns  of  community  organi- 
zation may  primarily  be  a  consequence  of  the 
migratory  natura  of  the  majority  of  breeders. 
These  characteristics  and  their  implications 
for  the  evolution  of  strong  habitat  selection 
have  been  discussed  by  Able  and  Noon  (1976). 

In  the  discussion  which  follows  we  will 
examine  the  organization  of  eastern  montane 
forest  bird  communities.  We  will  first  pre- 
sent a  descriptive  analysis  of  community-level 
properties,  comparing  northeastern  and  south- 
eastern montane  communities.   From  these 
analyses  we  generate  hypotheses  about  com- 
munity structure  that  are  sufficient  to  ex- 
plain differences  in  community-level  organi- 
zation-  As  a  test  of  our  hypotheses  we  will 
present  results  of  a  population- level  analysis 
of  a  subset  of  these  avian  communities.  We 
examined  the  ground-foraging  thrush  guild  which, 
particularly  in  the  Northeast,  is  a  dominant 
component  of  these  montane  commiinities.  We 
conclude  by  synthesizing  the  results  of  both 
the  community  and  population- level  studies 
into  a  tenative  scheme  for  habitat  manage- 
ment which,  hopefully,  will  maintain  the  in- 
tegrity of  natural  bird  communities. 


METHODS 

Species  Distribution  Patterns 

On  the  northeastern  and  southeastern 
study  sites  sampling  stations  were  established 
approximately  every  100m  along  the  elevational 
gradient.   Censusing  data  was  collected  during 
a  3  -  4  hr  interval  beginning  immediately  after 
dawn  and  again  in  the  late  evening  1  -  2  hr 
prior  to  sunset.   At  each  sampling  station  two 
observers  walked  in  opposite  directions  re- 
cording all  bird  species  seen  or  heard  while 
progressing  at  a  steady  pace  for  a  prescribed 
length  of  time  (usually  .5  -  .75  hr) .   On  suc- 
cessive days  the  order  in  which  stations  were 
sampled  was  altered  so  as  to  minimize  bias 
introduced  by  time  of  day.   In  general,  1.5  - 
2  hr  of  sampling  time  was  accumulated  for  each 
sampling  station.   Finally,  the  counts  were 
normalized  to  the  number  of  individuals  of 


each  species  per  hour  of  sampling  time  at  each 
station  (see  Able  and  Noon  1976,  for  further 
details) . 


Habitat  Analyses 

The  habitat  data  quantifying  the  structural 
parameters  of  the  thrush  species'  territories 
were  obtained  by  sampling  0.04  ha  (0.1  acre) 
circular  plots  centered  upon  the  point  at  which 
a  bird  was  seen  performing  a  specified  behavior. 
The  sampling  methods  closely  followed  quantifi- 
cations techniques  proposed  by  James  and  Shugart 
(1970).   The  design  of  the  techniques  is  such 
that  all  strata  of  the  forest  breeding  habitats 
are  thoroughly  measured. 

A  total  of  250  habitat  quantifications  was 
done  on  the  five  thrush  species  at  the  north- 
eastern montane  site,  94  quantifications  were 
obtained  on  two  thrush  species  at  the  south- 
eastern montane  site  and  56  quantifications  were 
done  in  a  nonmontane  site  in  northern  New  York. 
No  attempt  was  made  to  stay  within  homogeneous 
stands  of  forest  when  sampling  but  all  samples 
were  collected  so  as  to  avoid  "edge"  situations. 
All  habitat  quantifications  at  both  montane 
sites  were  done  to  include  habitats  covering 
the  full  range  of  a  species'  elevational  dis- 
tribution.  In  addition,  the  sampling  intensity, 
as  a  function  of  elevation,  reflected  the  dis- 
tributional abundance  of  the  species  along  the 
elevational  gradient. 


Study  Areas 

The  northeastern  montane  study  area  was 
Mount  Mansfield,  the  highest  mountain  in  the 
Green  Mountains  of  Vermont,  with  an  elevation 
of  1339m.   The  mountain  is  located  approximately 
65  km  east  of  Burlington,  Vermont  (44°  31 'N, 
84'W).   The  study  site  covers  an  area  of  approx- 
imately 10  km^  on  the  eastern  face  of  the  moun- 
tain. 

Relatively  undisturbed  forest  extends  from 
550m  to  1200m,  the  last  200m  of  elevation  being 
alpine  meadow  and  exposed  rock.   The  eastern  ex- 
posure of  the  mountain  is  criss-crossed  with 
numerous  ski  trails;  however,  they  have  had  a 
negligible  effect  on  the  composition,  abundance 
and  distribution  of  the  avian  populations  (Able 
and  Noon,  19  76).   The  extent  of  the  edge  effect 
between  ski  trail  and  undisturbed  forest  is 
slight  and  we  avoided  areas  of  extensive  dis- 
turbance in  all  cases.   The  vegetation  of  the 
mountain  is  basically  mature  second  growth 
forest,  although  some  areas  of  virgin  spruce- 
fir  remain  at  high  elevations  (Siccama,  1968). 
The  mountain  is  composed  of  four  major  vegeta- 
tion zones.   Successively,  these  zones  are: 
1)  sugar  maple  (Acer  saccharum)  and  beech  (Fagus 
grand if olia)  forest;  2)  yellow  birch  (Betula 
lutea) ,  paper  birch  (B^.  papyrifera)  and  red 
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spruce  (Plcea  rubens)  forest;  3)  red  spruce 
and  balsam  fir  (Abies  balsami) ,  and  4)  alpine 
tundra. 

To  the  casual  observer  the  mountain  gra- 
dient appears  to  consist  of  at  least  two  dis- 
crete vegetational  units:  pure  deciduous  and 
pure  coniferous  with  a  zone  of  mixed  vegeta- 
tion at  mid-elevations.   However,  Siccama 
(1968)  showed  that  the  vegatation  of  the  Green 
Mountains  is  actually  a  complex  continuum  of 
species  populations  rather  than  a  mosaic  of 
discrete  communities  (see  Whittaker,  1967) . 
Deciduous  forests  characteristic  of  the  low 
elevation  forests  are  not  found  above  mid- 
elevations,  but  species  characteristic  of 
upper  slopes  are  found  in  small  numbers  on 
the  lower  slopes.   In  the  zone  between  the 
two  major  vegetational  units  species  charac- 
teristic of  both  occur,  but  no  species  is  con- 
fined to  mid-slope  forests.   Despite  the 
essential  continuity  which  characterizes  the 
vegetational  community  of  this  gradient,  we 
have  distinguished  three  major  changes  in 
vegetational  physiognomy:  1)  the  area  on  the 
gradient  in  which  beech  and  sugar  maple  dis- 
appear.  Concomitantly,  yellow  birch  and  red 
spruce  increase  markedly.   2)  the  virtual 
disappearance  of  deciduous  trees  along  with 
an  increase  in  the  proportion  of  balsam  fir. 
3)  tree  line.   In  practice,  ecotones  1)  and 
2)  could  be  localized  within  zones  of  about 
100m  of  elevation  or  less,  and  tree  line  was 
considerably  more  abrupt. 

The  southeastern  montane  study  area  was 
the  Great  Smoky  Mountains  National  Park  lo- 
cated on  the  border  between  Tennessee  and 
North  Carolina  (83°  37'N,  84°  30'W).   This 
montane  site  covered  an  elevational  gradient 
extending  up  to  2025m  on  Clingman's  Dome  on 
the  Tennessee  side  of  the  main  mountain  ridge. 
The  gradients  studied  had  primarily  a  north 
to  north-northwest  exposure  and  for  the  most 
part  were  characterized  by  mesic  to  submesic 
forest  types. 

The  Great  Smoky  Mountains  supports  a  par- 
ticularly diverse  forest  of  varied  community 
types.  Whittaker  (1952,  1956)  gave  an  ex- 
haiastive  description  of  the  forest  communi- 
ties.  In  general,  the  vegetational  communi- 
ties in  which  studies  were  done  are  of  three 
major  types:  1)  mesic  cove  forests;  2)  sub- 
mesic oak  forests;  and  3)  subalplne  forests. 

In  the  mesic  cove  forests  the  principal 
canopy  trees  were  yellow  buckeye  (Aesculus 
octandra) ,  white  basswood  (Tilia  heterophylla) , 
silverbell  (Holesla  monticola) ,  sugar  maple, 
eastern  hemlock  (Tsuga  canadensis),  tulip  tree 
(Liriodendron  tulipifera),  yellow  birch  and 
beech  (Whittaker,  1952,  1956).   Above  1370m 
the  composition  of  the  mesic  forest  changes 
into  a  subalpine  forest  dominated  by  red  spruce 
and  Fraser  fir  (A.  fraserii ) .   Outside  of  the 


range  of  the  spruce,  or  where  ravines  cut  into 
the  mountain  ridge,  mesic  stands  above  1370m 
are  dominated  by  gray  birch- 
In  spite  of  the  fact  that  this  transect, 
like  the  northeastern  one,  is  also  a  complex 
continuum  of  species  and  not  easily  divisible 
into  discrete  vegetational  communities,  two 
ecotones  were  recognized:  1)  the  area  on  the 
gradient  in  which  red  spruce  and  yellow  birch 
become  significant  components  of  the  canopy. 
This  zone  is  characterized  by  a  substantial 
decrease  in  canopy  height.   2)  the  virtual  dis- 
appearance of  deciduous  trees  along  with  an 
abrupt  increase  in  the  percentage  of  red  spruce 
and  the  appearance  of  Fraser  fir.   Both  ecotones 
correspond  with  areas  where  gross  changes  in 
the  structural  physiognomy  of  the  forest 
occurred. 

The  non-montane  northeastern  study  site 
included  the  islands  and  shoreline  areas  on  the 
Cranberry  Lake  Biological  Station,  Saint 
Lawrence  County,  New  York  (44°  15'N,  74°  45'W) . 
The  study  site  covered  an  area  of  approximately 
10  km^. 

Relatively  undisturbed  second  growth  for- 
est covered  most  of  the  areas  studied,  though 
some  areas  of  virgin  forest  were  also  included. 
The  range  of  forest  types  and  vegetational  dom- 
inants encountered  in  this  region  were  very 
similar  to  those  on  Mount  Mansfield  with  the 
notable  absence  of  extensive  stands  of  balsam 
fir  and  stunted  coniferous  vegetation.   Eleva- 
tion at  this  study  site  ranged  from  450  -  550m. 


RESULTS 

Community  Patterns 

Species  Composition 

We  have  previously  described  the  community 
structure  patterns  on  four  mountains  in  New  York 
and  Vermont  (Able  and  Noon,  1976).   There  were 
great  similarities  among  the  four  gradients; 
for  this  comparison  we  have  used  data  only  from 
Mount  Mansfield,  Vermont,  the  gradient  we 
studied  most  extensively. 

The  Mt.  Mansfield  and  Smoky  Mt .  elevational 
gradients  encompassed  a  similar  (structural) 
range  of  forest  habitats  and  each  gradient  had 
the  same  number  of  species,  41.   There  were, 
however,  considerable  differences  in  the  species 
composition  on  the  two  transects;  they  over- 
lapped in  slightly  less  than  two-thirds  of  their 
species.   Sixteen  species  (39  percent  of  the 
total)  on  the  Smoky  Mt.  gradient  were  not  pre- 
sent on  Mt.  Mansfield  (Com.  Flicker,  Colaptes 
auratus;  Pileated  Woodpecker,  Dryocopus  plleatus; 
Acadian  Flycatcher,  Empidonax  virescens;  Carolina 
Chickadee,  Parus  carolinensis;  Tufted  Titmouse, 
?.   bicolor;  Carolina  Wren,  Thryothorus  ludovici- 
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anus;    Blue- gray  Gnat catcher,   Polloptlla 
caerulea;   Tellow-throated  Vireo,   Vireo   flavi- 
frons;   Worm-eating  Warbler,   Helmitheros  ver- 
mlvorus;    Cerulean  Warbler,    Dendroica  cerulea; 
Yellow-throated  Warbler,    D.   dominica;    Chestnut- 
sided  Warbler,   D.    pensylvanica;   Louisiana 
Waterthrush,    Seiurus  motacilla;' Kentucky 
Warbler,    Oporornis   formosus;   Hooded  Warbler, 
Wilsonia  citrina;    Cardinal,   Richmondena  car- 
dinalis) ■      Fourteen  species    (34  percent)    ab- 
sent  on  tha  Smoky  Mt.    gradient  were   found  on 
Mt-   Mansfield   (Least  Flycatcher,   E^.    minimus 
Raven,    Corvus   cor ax;   White-breasted  Nuthatch, 
Sitta  carolinensis;   Hermit  Thrush,    C.    gut tat us; 
Swainson's   Thrush,    Catharus   ustulatus;    Gray- 
cheeked  Thrush,    C.    minimus;    Cedar  Waxwing, 
Bombycilla  cedrorum;  Nashville  Warbler,    Ver^ 
mivora  ruficapilla;   Yellow-rumped  Warbler, 
coronata;    Blackpoll  Warbler,   D.    striata; 
Mourning  Warbler,    0.    Philadelphia;    Common 
Yellowthroat,    Geothlypis  trichas;    Purple 
Finch,    Carpodacus   purpureus;  White-throated 
Sparrow,    Zonotrichia  albicollis) •     Many  of 
these  differences  between  the  two   localities 
involved   abundant    and  broadly  distributed 
species.     When  one  considers  a  spectrum  of 
habitats  such  as  occurs  on  these  elevational 
gradients,    the  southern  avifauna   cannot  be 
considered  an  included  subset   of  the  northern 
as  Rabenold   (19  76)    found  when  only  spruce-fir 
forests  in  the  two  areas  were  examined. 

Figure  1  compares  patterns  of   species 
diversity  on  tha  two  gradients.      Species 
richness  and  two  indices  of   diversity  are 
plotted.      In  both  regions,   the  three  measures 
of  diversity  tend  to  be  highly  correlated, 
but   there  are  obvious   differences   in  pattern. 
On  Mt.    Mansfield  both   diversity   indices   closely 
parallel  the  trend  in  species  richness   and 


all  generally  declined  with  elevation.      In 
the  Smoky  Mountains,   Species   richness  fluc- 
tuated greatly  but   still  showed  a  downward 
trend  with  elevation.      N]^  and  N2   also   showed 
considerable  variation  over  the  length  of  the 
gradient,   but   if   a  trend  similar  to  that   of 
species   richness   is   present   it   is  very  slight. 
The  relative   flatness  of  the  diversity  curves 
is  in  marked  contrast   to  those   for  Mt.   Mansfield. 

Because  the  species  richness  of   the  Smoky 
Mt.    communities    is  essentially  the  same  as  on 
Mt.    Mansfield   the  marked  differences    in   diver- 
sity must   be   due  to  differences    in  equitability . 
This   can.be  seen  graphically  in  Fig.    2  which 
compares   dominance-diversity  curves   for  the  two 
gradients.      The  Smoky  Mt.    communities  are   char- 
acterized by  much  higher  dominance  and  a  greater 
increase   in  dominance   over   the   span  of  habitats 
relative   to   Mt.    Mansfield.      Figure   3  presents 
an  analysis   of   dominance   comparing  the   Smoky 
Mt.    communities  with   those  on  Mt .   Mansfield  and 
nearby  Camel's  Hump  Mt.   by  Wiens '    (1975)   method. 
For  a  community  with  a  given  number  of  species, 
the  samples   from  the  Smoky  Mts.  had    significantly 
higher   dominance    (p<.025;    Mann-Whitney,   one- 
tailed)    than  the  two  northern  mountains. 

The  overall  difference   in  dominance  in  the 
two  regions   appears  to  be  due  to  higher  relative 
abundances   of  the   commonest   one   or  two  species 
in  the  Smoky  Mt .    communities   rather  than  to  a 
difference  in  numbers  of  rare  species.     This 
can  be  seen  in  Table  1  which  ranks  the  relative 
abundances  of  the   four  commonest   species  at 
selected  elevations  on  the  two  mountains.     At 
all  but  one  of  these  sampling  stations,   the  dom- 
inant  Smoky  Mt.    species  had  much  higher  pi's 
than  their  northern  counterparts.     Mean  propor- 
tional abundances  of  all  the  species   comprising 
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a  census  was  always  higher  and  generally  more 
variable  on  Mt .  Mansfield  than  in  the  Smokies. 

The  major  differences  in  species  composi- 
tion between  the  two  regions  precluded  a 
paired  comparison,  but  the  abundances  of  the 
less  common  species  were  generally  similar. 
The  great  difference  in  dominance  was  largely 
due  to  the  much  greater  nos.  of  the  most  abundant 
species.   As  a  result  of  this,  nearly  all  ele- 
vations in  the  Smoky  Mts.  supported  a  signifi- 
cantly larger  number  of  individuals  than  com- 
parable sites  on  any  of  the  northeastern  gra- 
dients (mean  no.  indivs./hr.,  all  stations, 
Smoky  Mts.  =  170.7,  S.D.  =  28.3;  Mt.  Mansfield 
X  =  100.0;  S.D.  =  33.5;  Whiteface  Mt.  X  =  148.4; 
S.D.  =  55.7). 

Species  Amplitudes 

On  both  northern  and  southern  elevational 
gradients  a  few  species  with  very  generalized 
habitat  preferences  were  found  over  nearly  the 
entire  transects  (Table  2).   In  the  Northeast, 
the  Dark-eyed  Junco  (Junco  hy emails)  and  White- 
throated  Sparrow  ranked  among  the  top  five 
species  on  all  four  mountains  (Able  and  Noon, 
1976).   Three  of  the  six  broadest  species  on 
Mt.  Mansfield  were  among  the  five  broadest  in 
the  Smoky  Mts.   In  addition,  the  Black-throated 
Green  Warbler  (Dendroica  virens)  ranked  fifth 
on  Whiteface  Mt.  in  the  Adlrondacks  of  New  York. 
Thus  there  appears  to  be  considerable  similarity 
in  the  amplitude  patterns  of  the  habitat  gen- 
eralists  in  the  two  regions. 
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able  1. — Ranking  and  proportional  abundances  of  the  four  most  abundant  species  at  selected  ele- 


vations on  Mount  Mansfield,  Vermont,  and  the  Great  Smoky  Mountains, 
species  at  each  elevation  are  also  given. 


Mean  p-  values  for  all 


pecies 


p.;   Species 


Pi 


Species 


pj   bpecies 


aunt  Mansfield 
1.  610m 


770m 


1020m 


1260m 


ad-eyed  Vireo   .1573  Red-eyed  Vireo  .1770 

.09h1  Dark-eyed  Junco  .1416 

.0787  Amer.  Robin  .1416 

.0754  Hermit  Thrush  .1327 

.0400  .0625 

.0362  .0555 


mer.  Redstart 
venbird 
ood  Thrush 


Blackpoll  Warbler 
Wh .  - 1  h  r .  S  par  r  ow 
Winter  Wren 
Swainson'^  Thrush 


. 2353  Wh.-thr.  Sparrow  .3333 
.1765  Blackpoll  Warbler  .2941 
.1029  Nashville  Warbler  .1078 
.1029  Yel.-rump.  Warbler  .0784 
■0769  .1250 

.0664  .1214 


reat  Smoky  Mountains 
1.  610m 


97nra 


1524m 


1798m 


ed-eyed  Vireo  -2706 
venbird  -1832 
l.-thr. Green  War. 1353 
raer.  Redstart  .1000 
i  .0392 

D.  .0558 


Red-eyed  Vireo  .2258 
Bl.thr-Blue  War-  .1935 
31. thr. Green  War. .0774 
Ovenbird  .0701 
.0490 
.0599 


Dark-eyed  Junco 

Veery 

Bl . -cap • Chickadee 

Blackburnian  War. 


2611 
0887 
.0887 
.0887 
.0625 
.0598 


Dark-eyed  Junco 
Gold. -cr. Kinglet 
Bl. -thr. Green  War. 
Solitary  Vireo 


.2896 
.1639 
.1585 
.1148 
.0716 
.0837 


'able  2. — Elevational  amplitude  rankings  of  the  five  species  on  each  mountain  with  the  broadest 
distributions  on  the  gradients. 


jnplitude  Mount  I^nsfiald 
Rank 

Species 


Great  Smoky  Mountains 


Amplitude 

Proportional 

Species        Amplitude 

Proportional 

(m) 

Amplitude 

(m) 

Amplitude 

660 

.943 

Hairy  Woodpecker  1372 

,994 

660 

.943 

Amer.  Robin       1372 

.99;i 

610 

.871 

Bl. -thr. Green  War. 1372 

.994 

495 

.707 

Solitary  Vireo    1098 

.796 

49  5 

.70  7 

Dark-eyed  Junco   1098 

.796 

495 

.707 

Dark-eyed  Junco 
Winter  Wren 
Bl . -cap . Chickadee 
i'Tli.-thr.  Sparrow 
Hairy  Woodpecker 
Amer.  Robin 
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In  general,  species  in  the  Great  Smoky 
Mts.  occupied  a  larger  proportion  of  the  ele- 
vational  gradient-   However,  in  both  areas  a 
few  species  whose  distributions  appeared  not 
to  be  artificially  truncated  by  the  ends  of 
the  gradient  were  nonetheless  character- 
ized by  very  narrow  ranges.   In  the  North- 
east, the  Golden-crowned  Kinglet  (Regulus 
satrapa)  and  Canada  Warbler  (Wilson ia  cana- 
densis) were  found  in  the  middle  elevations, 
but  had  narrow  amplitudes  of  between  100- 
150m  (about  18  percent  of  elevational  range). 
In  the  Smoky  Mts- ,  the  Kinglet  was  again 
among  the  narrowest  species  with  an  ampli- 
tude of  about  275m  (about  20  percent  of 
elevational  range)  and  Brown  Creeper  (Cer- 
thia  famlliaris)  was  similar- 

In  both  regions,  the  mean  amplitude  of 
the  species  at  each  sampling  station  in- 
creased with  elevation  and  decreased  with 
species  richness  (Fig.  4) .   These  relation- 
ships say  that  the  high  elevation  faunas  of 
these  mountains  are  made  up  largely  of 
habitat  generalists  which  dominate  the  de- 
pauperate communities  at  the  tops  of  the 
mountains.   The  high  elevation  community  is 
basically  a  subset  of  lower  elevation  avi- 
faunas and  at  high  elevations  the  most  abun- 
dant species  attained  both  greater  dominance 
and  absolute  abundances  than  lower  eleva- 
tion dominants.   Among  all  species  on  the 
gradients  there  is  a  positive  correlation 
between  amplitude  and  abundance  (Able  and 
Noon,  unpubl.  data)  •   Of  t-.he  10  most  numer- 
ous species,  all  but  two  also  ranked  among  the 
10  species  with  the  largest  amplitudes  on  the 
gradient . 

Community  Structure 

Patterns  of  species  turnover  on  environ- 
mental gradients  can  give  insight  into  me- 
chanisms producing  community  structure.   We 
have  examined  the  similarity  of  species  com- 
position and  relative  abundance  at  sampling 
stations  along  the  gradients  using  a  dissim- 
ilarity index  (MacArthur,  1972,  p.  189): 


M 


1  +  2Sp^q^ 


lV±' 


^qi 


where  p^  and  q^  are  the  proportions  of  species 
^  in  samples  £  and  ^,    and  lj<  M  ^2-   Figure  5 
compares  Mt-  Mansfield  and  the  Smoky  Mts.  by 
plotting  the  similarity  between  the  lowest 
stations  and  each  successively  higher  station- 
In  general,  the  functions  should  increase  as 
the  distance  between  stations  being  compared 
increases.   An  increase  in  the  slope  of  the 
line  indicates  a  greater  change  in  community 
composition  between  two  stations. 

On  the  four  mountains  studied  in  the 
Northeast,  increases  in  dissimilarity  (i-e-. 


increases  in  M)  were  associated  with  ecotones-  j 
Mt-  Mansfield,  the  steepest  of  the  four,  was    ' 
slightly  atypical  in  that  the  two  ecotones 
appeared  to  have  been  treated  as  a  single  dis- 
continuity, at  least  as  far  as  our  analysis 
was  able  to  discriminate-   The  pattern  on  the 
Smoky  Mt.  elevational  gradient  was  very  similar, 
with  a  very  large  and  abrupt  fauna!  change  be- 
tween the  stations  at  1067m  and  1158m.   The 
data  from  both  areas  suggest  a  major  influence 
of  habitat  discontinuities  in  determining  the 
distributional  limits  of  species  on  these  gra- 
dients-  Whereas  there  are  obvious  and  large 
changes  in  species  composition  and  relative 
abundances  on  the  Smoky  Mt-  transect,  the  mag- 
nitude of  the  effect  is  not  as  great  at  the 
species  level  as  in  the  Northeast  (Table  3). 
Only  about  one-third  of  the  species'  distribu- 
tional limits  coincided  with  ecotones  in  the 
Smoky  Mts-  compared  with  slightly  more  than 
half  of  such  limits  in  the  Northeast-   In  fact, 
the  proportion  of  species  limits  associated 
with  ecotones  in  the  Smokies  does  not  differ 
from  that  found  by  Terborgh  (19  71)  in  Peru 
(with  data  normalized  for  number  of  sampling 
stations  associated  with  ecotones) .   However, 
ecotones  still  exerted  a  large  effect  in  the    j 
Smokies  through  changes  in  relative  abundances-  ' 

In  our  earlier  paper  (1976)  we  failed  to 
find  any  evidence  of  overt  competitive  exclusion 
in  the  distribution  patterns  of  the  species - 
Further  detailed  studies  of  the  five  thrushes   I 
on  these  gradients  has  also  failed  to  reveal    I 
any  interference  competition  (e-g-,  inter-      | 
specific  territoriality)  (Noon,  1977)-   In 
the  Great  Smoky  Mts-,  cases  suggestive  of  spatia] 
competitive  exclusion  were  even  rarer-   The  Wood 
Thrush  (Hylocichla  mustelina)  and  Veery  (Catharus 
fuscescens)  and  the  Red-eyed  (Vireo  olivaceus) 
and  Solitary  Vireos  (V-  solitarius) ,  as  well  as 
a  host  of  parulid  species,  overlapped  broadly 
on  the  gradient-   Among  congeners,  only  the 
Carolina  (Parus  caro linens is)  and  Black-capped 
Chickadees  (P_.  atricapillus)  were  continguously 
allopatric,  although  neither  reached  near  maxima] 
abundance  adjacent  to  the  contact  zone.   Thus 
with  respect  to  evidence  of  interspecific  com- 
petition in  the  form  of  intra-habitat  spatial 
exdlusion,  the  pattern  in  the  Smokies  appeared 
to  be  virtually  identical  to  that  in  the  North- 
east- 

The   species  comprising  the  breeding  avi- 
faunas of  both  regions  are  predominantly  migra- 
tory, inhabiting  these  forests  only  during  the 
relatively  short  breeding  season.   There  are, 
however,  noticeable  differences  between  the  two 
areas  with  respect  to  the  proportions  of  species 
and  individuals  that  are  long-distance  migrants. 
About  three-fourths  of  the  species  included  in 
our  censuses  of  New  England  mountains  are  mi- 
grants that  leave  the  region  in  winter-   In  the 
Smoky  Mts-  only  62  percent  of  the  species  make 
migrations  more  extensive  than  short-distance 
altitudinal  movements-   A  much  more  striking 
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Figure  4- — Regressions  of  mean  species  amplitude  at  given  sampling  stations  on  elevation 
and  the  species  richness  at  the  station.   A  and  B,  northeastern  mountains:  X  Mount 
Mansfield;  •  Camel's  Hump  Mountain;  0  Whiteface  Mountain,  New  York;  A  Nlppletop  Mountain, 
New  York.   C  and  D,  Great  Smoky  Mountains. 


difference  can  be  seen  if  one  compares 
proportions  of  individuals  that  belong 
to  essentially  resident  species.  On  Mt« 
Mansfield,  this  figure  varies  between 
about  12  percent  (lowest  elevation 
sampled)  and  2  percent  (highest  station) 
(mean  =  7.2  percent).   In  contrast,  the 
proportion  of  individuals  belonging  to 
resident  species  ranged  from  about  A 
percent  (884m  station)  to  66  percent 
(highest  station)  (mean  =29.7  per- 
cent) and  generally  increased  with 
elevation. 

The  difference  between  the  two 
regions  was  due  almost  entirely  to  the 


high  importance  of  Dark-eyed  Junco,  Black- 
capped  Chickadee,  Golden-crowned  Kinglet 
and  Red-breasted  Nuthatch  above  the  first 
ecotone  at  around  1160m.   In  general,  resi- 
dent species  did  not  reach  higher  abundance 
nor  did  they  have  larger  amplitude  than  mi- 
grants (some  examples  are  shown  in  Table  1). 

Population  Patterns 

Northeastern  Montane 

Distributional  Analyses. —  A  particularly 
Interesting  pattern  of  our  northeastern  montane 
censuses  was  the  diversity  of  thrush  species 
(Hylocichla  and  Catharus)  occupying  these 
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Figure  5. — Plots  of  the  Index  of  faunal  dissimilarity  (M)  between  the  lowest  elevation  station 
and  each  succeeding  higher  one  on  Mount  Mansfield  (A)  and  between  the  lowest  two  stations 
combined  and  each  succeeding  higher  one  in  the  Great  Smoky  Mountains  (B) . 

Table  3. — Elevation  limits  of  species  distributions  in  relation  to  ecotones  on  five  mountains. 


Mountain 


No.  of  limits 
excluding  termini 


No.  at 
ecotones 


Proportion 
at  ecotones 


Proportion  of  limits/ 
ecotone  station 


Whiteface  (NY) 
Nippletop  (NY) 
Mansfield  (VT) 
Camel's  Hump  (VT) 
Gr.  Smoky  (Tenn.) 


35 
34 
39 
39 
40 


20 
18 
20 
20 
13 


0.570 
0.530 
0.510 
0.510 
0.325 


0.285 
0.177 
0.170 
0.255 
0.081 


I 


gradients.   Wlien  the  relative  abundances  of 
the  four  most  abundant  species  at  each  samp- 
ling station  were  calculated,  one  or  more 
thrush  species  ranked  in  the  top  four  at  the 
majority  of  sampling  sites.   Figure  6  illus- 
strates  the  distributional  patterns  of  the 
thrush  species  on  Mount  Mansfield.   Plotted 
are  abundances,  normalized  and  expressed  as 
the  number  of  individuals  of  species  i^   cen- 
sused  per  hour.   The  patterns  illustrated 
here  were  qualitatively  similar  for  all  four 
northeastern  elevational  gradients. 

From  the  figure  it  is  apparent  that 
the  Wood  thrush  and  Veery  had  very  similar 
distributions  being  most  abundant  at  low 
elevations  and  reaching  their  upper  limit 
together  at  the  lower  ecotone.   The  Hermit 
thrush  bred  at  low  elevations  but  showed 
variable  abundance,  extending  beyond  the 
lower  ecotone  into  mid-elevations.   At 
higher  elevations  the  Swainson's  and  Gray- 
cheeked  thrushes  inhabited  mutually  ex- 
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Figure  6.— The  abundances  of  the  thrush  species 
on   the  Vermont    elevational   gradient .      species 
of   thrushes   are  denoted   as:    (A)    Wood   thrush; 
(B)    Veery;    (C)    Hermit    thrush;    (D)    Swainson's 
thrush;    (E)    Gray-cheeked   thrush. 
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elusive  ranges.   The  Swainson's  thrush  over- 
lapped extensively  with  the  hermit  thrush  at 
the  lower  end  of  its  distribution,  but  had 
mimimum  overlap  with  the  gray-cheeked  at  its 
upper  extent.   The  truncated  distributions 
of  these  two  species  at  their  zone  of  contact 
suggests  interference  competition  except 
that  this  point  coincided  with  the  upper  ele- 
vational  ecotone. 

Habitat  Analyses- — During  the  breed- 
ing seasons  of  19  75  and  19  76,  habitat  quan- 
tifications were  done  for  the  five  thrush 
species  breeding  on  Mount  Mansfield.   Fifty 
habitat  quantifications  were  done  for  each 
species  with  each  quantification  consisting 
of  measurements  on  58  structural  habitat 
variables  (details  given  in  Noon,  1977). 
Each  species  was  represented  in  the  data 
matrix  by  50,  58-element  observation  vec- 
tors. 

Univariate  analyses  (one-way  analysis  of 
variance)  of  the  structural  habitat  vari- 
ables revealed  patterns  of  intrahabitat 
separation  for  overlapping  species  and 
interhabitat  separation  for  species  with  dis- 
junct elevational  distributions.   Each  of 
the  variables  measured  was  regarded  as  a 
continuous  gradient  quantifying  some  aspect 
of  the  breeding  territories  selected  by 
these  species.   Overlap  was  extensive  along 
most  of  these  gradients,  but  all  species 
showed  patterns  of  separation  along  a  unique 
complex  of  variables.   Simultaneous  differ- 
ences along  a  multitude  of  gradients  re- 
sulted in  a  significant  increase  in  se- 
paration.  However,  many  of  the  variables 
measured  were  highly  correlated,  and  the 
danger  of  achieving  a  distorted  picture 
of  the  nature  and  extent  of  group  differ- 
ences increases  as  the  correlations  among 
the  variables  increases. 

An  alternative  way  to  describe  group 
differences  is  to  use  discriminant  function 
analysis  which  constructs  a  linear  combina- 
tion of  the  set  of  variables  that  will  maxi- 
mally discriminate  the  groups.   The  linear 
combination  is  a  new,  transformed  variable 
composed  of  the  original  variables  each 
weighted  according  to  its  power  to  dis- 
tinguish the  groups.   Species'  positions  are 
then  examined  in  terms  of  their  ranking 
along  this  linear  combination.   By  this  pro- 
cess, species'  positions  on  several  inde- 
pendently measured  univariate  gradients 
(which  may  be  highly  redundant)  are  reduced 
to  a  single  position  along  a  multidimen- 
sional gradient  of  habitat  structure-   This 
reduction  in  dimensionality  simplifies  elu- 
cidation of  species'  differences  and  facili- 
tates quantitative  comparisons  among  the 
species  in  terms  of  a  few  highly  significant 
variables.   For  an  indepth  discussion  of  the 
applications  of  discriminant  analysis  to  eco- 


logical problems  see  Green  (1971,  1974). 

The  use  of  discriminant  function  analysis 
as  a  powerful  tool  for  forest  managers  was 
proposed  at  a  previous  meeting  of  this  group  by 
Shugart  et  al.  (1975).  The  specific  advantage 
of  this  type  analysis  is  that  it  reduces  com- 
plex multivariate  data  to  a  manageable  and  sig- 
nificant subset  of  the  original  data.   In 
addition,  it  goes  beyond  ambiguous  univariate 
correlational  studies  (sUch  as  the  relationship 
between  foliage  height  diversity  and  bird  species 
diversity)  to  identify  specific  features  of 
habitat  structure  strongly  correlated  with  a 
species'  presence. 

The  results  of  multiple  step-wise  discrim- 
inant analysis  of  the  thrush  guild  are  presented 
in  Table  4.   The  number  of  variables  needed  to 
significantly  distinguish  the  structural  habi- 
tats of  these  species  has  been  reduced  from  over 
50  to  nine.   A  test  of  the  discriminatory  power 
of  the  subset  of  nine  variables  prior  to  the 
removal  of  any  discriminant  functions  indicated 
that  they  contained  a  highly  significant  amount 
of  discriminatory  power  (Wilk's  lambda  =■  0.0379; 
associated  chi-square  =  792;  p<.001).   In  addi- 
tion, 96  percent  of  the  variability  in  the  pre- 
dictor variables  can  be  explained  by  group  dif- 
ferences (o)^  multi  =  96)  . 

The  proportion  of  the  discriminatory  power 
contained  in  the  subset  of  predictor  variables 
attributable  to  the  i^th  discriminant  function 
is  given  by  the  ratio:   Pj^  =  A .  /  {\^  +  Xy   "'"•••^n)* 
where  X  =  the  eigenvalue  of  the  i^th  discriminant 
function.   P.  is  an  index  of  how  the  total  dis- 
criminatory power  of  the  predictor  variables 
is  apportioned  to  each  discriminant  fionction. 
Thus,  85  percent  of  the  discriminatory  power  of 
the  predictor  variables  is  accounted  for  by  the 
first  discriminant  function,  7.9  percent  by  the 
second,  and  so  on.   The  discussion  which  follows 
confines  itself  to  an  analysis  of  the  first  two 
functions  which  collectively  account  for  over 
90  percent  of  the  discriminating  power  contained 
in  the  analysis. 

Additional  information  essential  for  an 
understanding  of  the  analysis  are  the  stand- 
ardized discriminant  function  coefficients 
given  opposite  each  variable  in  the  table.   The 
absolute  value  of  each  coefficient  is  propor- 
tional to  the  relative  contribution  of  its 
associated  variable  to  group  separation  along 
that  discriminant  axis.   The  sign  merely  indi- 
cates whether  the  variable  is  making  a  positive 
or  negative  contribution.   These  coefficients 
may  be  used  to  interpret  the  functions  by  iden- 
tifying the  dominant  characteristics  by  which 
separation  occur. 

The  positions  of  the  species'  mean  habitat 
vectors  in  discriminant  two-space,  as  well  as 
the  95  percent  confidence  limits  around  these 
points,  are  shown  in   Fig.  7.   The  relative 
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Table  4. — Summary   of  Multiple  Stepwise  Discriminant  Analysis 


Characteristic: 

Eigenvalue 

Relative   percentage  of 
eigenvalue   associated 
with  the   function 

Cumulative   percentage 
of   eigenvalue  across 
all  discriminant 
functions 

Chi-square   statistic 
for    testing  signifi- 
cance of  discriminant 
function 

Significance 
(degrees    of   freedom) 


I 

7.94 

85.5 
85.5 

792.0 

p«.001 
(36) 


Discriminant  Function 

II  III 

0.736        0.395 


7.90 


93.4 


262.0 

p«.001 
(24) 


4.3 


97.7 


129.0 

p<<.001 
(14) 


H 
0.220 

2.3 


100.0 


48.0 

p<<.001 
(6) 


Standardized  Discriminant 
Function  Coefficients 


CPCR 
GDCR 
RDBA 
USCF 
ADDC 
TALL 
SBDY 
NOTS 
AVDI 


.4877 

-.8273 

.0134 

1.3435 

.0322 

-.4870 

-.4177 

-.0701 

.1205 

-.2947 

-.6126 

.0099 

.1224 

-.4182 

-.7317 

-.1562 

.0766 

.5365 

-.2234 

.0055 

.2309 

-. 7188 

.3561 

-.6737 

.0110 

-.6947 

.6158 

.3175 

.0431 

-.3890 

-.3571 

-.1726 

.0131 

.1559 

-.0105 

-1.0300 

ADDC  -  absolute  density  of  deciduous  trees 
AVDI  -  average  diameter  of  trees 
CPCR  -  percent  canopy  cover 
GDCR  -  percent  ground  cover 


NOTS  -  number  of  tree  species 

RDBA  -  relative  basal  area  ot  deciduous  trees 

SBDY  -  shrub  density 

TALL  -  canopy  height 

USCF  -  percent  of  understory  coniferous 


positions  of  the  group  centrolds  reflect  indi- 
vidual responses  to  structural  niche  variables 
as  well  as  the  difference  among  the  species  in 
their  response  to  habitat  gradients.   The  mag- 
nitude of  the  distances  separating  species  in 
this  plane  reflects  the  degree  to  which  their 
habitat  selection  patterns  differ.   The  further 
apart  any  two  species'  mean  observation  vec- 
tors are  in  this  space,  the  less  similar  are 
their  structural  niches. 

To  understand  the  manner  in  which  signi- 
ficant segregation  is  achieved  and  the  contri- 
bution of  each  variable  to  separation,  it  is 
instructive  to  look  at  each  discriminant  axis 
independently  (Fig.  8) . 


Canopy  cover  (CPCR) ,  canopy  height  (TALL) , 
and  percent  understory  coniferous  (USCF)  were 
the  dominant  variables  describing  DF-I .   The 
function  is  in  effect  a  gradient  reflecting 
canopy  features  and  the  deciduous  to  coniferous 
continuum  which  parallels  the  gradient  of 
elevation.   The  discriminant  function  repre- 
sents a  macrohabitat  description  of  the  change 
in  forest  structure  and  composition  as  one  pro- 
ceeds from  low  to  high  elevations.   The  ex- 
tremes of  this  gradient  are  occupied  by  habi- 
tats selected  by  the  Wood  thrush  and  Gray- 
cheeked  thrush.   The  habitats  selected  by  the 
Wood  thrush  are  characterized  by  high  canopy 
cover  and  height  and  low  percentage  of  coni- 
ferous understory,  whereas  the  Gray-cheeked 
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Figure   7. — 95  percent    confidence   ellip- 
ses  about   the  means   on   DF-I    and  DF-II 
for   the   five  northeast    thrush  species. 
Species   of   thrushes    are   denoted   as: 
(H.m.)    Wood  thrush;    (C. f )    Veery; 
CCg)    Hermit  thrush;    (Cu.)    Swain- 
son's   thrush;    (Cm.)    Gray-cheeked 
thrush. 
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thrush  selects  stunted  spruce-fir  forests  where 
the  relative  magnitudes  of  these  variables  are 
reversed.   Species  positions  along  this  discri- 
minant axis  are  consistent,  and  in  the  same  se- 
quential order  as,  their  distributional  pattern 
along  the  elevational  gradient.   For  example, 
the  Gr  ay-cheeked  thrush  is  widely  separated 
from  ail  other  species  which  in  turn  are  clus- 
tered along  the  positive  portion  of  the  axis. 
The  Wood  thrush  and  Veery  have  almost  coinci- 
dent centroids  on  this  axis  reflecting  their 
complete  overlap  along  the  elevational  gradient. 
Extensive  overlap  occurs  because  variables  re- 
flecting interhabitat  differences  are  unable  to 
discriminate  these  two  species. 

Canopy  cover  and  height  were  again  the  most 
dominant  variables  characterizing  DF-II,  but  in 
addition,  shrub  density  (SBDY)  and  the  absolute 
density  of  deciduous  trees  (ADDC)  contributed 
substantially  to  group  separation  along  this 
axis.   The  pattern  of  covariance  among  these 
variables  describes  a  gradient  of  habitats  from 
those  characterized  by  relatively  high  canopy 
cover  and  height,  dominated  by  deciduous  trees, 
to  habitats  of  dense  shrubs  with  an  open  and 
often  low  canopy.   Species'  positions  along 
this  gradient  are  again  interpretable  in  terms 
of  the  continuum  of  forest  types  which  charac- 
terize the  species'  elevational  distributions, 
but,  in  addition,  variables  reflecting  intra- 
habitat  separation  are  important  for  group 
discrimination.   For  example,  the  relative  po- 
sitions of  the  Wood  thrush  and  Vfeery  centroids 
are  significantly  separated  along  this  axis 
primarily  because  of  the  contribution  of  shrub 
density.   The  most  extensive  separation  occured 
between  the  Swainson's  and  Hermit  thrushes 
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Figure  8. — Thrush  species  positions  on  each  independent  discriminant  axis.   Species  denoted 
as  in  Fig.  7. 
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primarily  because  of  the  influence  of  shrub 
density  coupled  with  ground  cover:   both 
microhabitat  variables  reflecting  the  mosaic 
structure  of  the  habitat  in  the  area  in  which 
these  species  overlap. 

The  most  direct  way  to  test  the  discrim- 
inating power  of  the  variables  selected  by 
the  analysis  is  to  determine  their  effective- 
ness at  accurately  assigning  the  observations 
to  the  correct  species'  group.   If  a  large 
number  of  misclassif ications  occur,  then  the 
variables  selected  are  poor  discriminators. 
In  practice,  the  actual  and  predicted  group 
membership  results  are  compared  for  those 
observations  actually  used  to  derive  the 
functions.   The  power  of  the  discriminating 
variables  is  empirically  determined  by  the 
proportion  of  correct  classifications.   The 
results  for  the  five  northeastern  thrush 
species  are  summarized  in  the  classification 
matrix  given  in  Table  5. 

By  employing  a  subset  of  nine  of  the 
original  50  structural  variables  over  77 
percent  of  the  250  individual  quantifications 
have  been  assigned  to  the  correct  species 
group.   The  accuracy  of  assignment  varies 
among  the  species  and  this  in  turn  supplies 
information  on  the  degree  of  ecological  simi- 
larity of  the  various  species  pairs.   The 
number  of  groups  to  which  a  species  is  mis- 
classified  and  the  extent  of  this  misclass- 
ification  is  a  crude  index  of  habitat  niche 
breadth  for  the  species.   For  example,  of 
the  five  species  considered  here  the  Hermit 
thrush  occupies  the  widest  range  of  habitat 
types  and  thus  would  have  the  largest  niche 
breadth. 


From  the  perspective  of  habitat  assessment 
the  results  presented  here  indicate  that  by 
quantifying  just  nine  structural  habitat  vari- 
ables, the  forest  manager  could  predict  with 
77  percent  accuracy  what  thrush  species  occupies 
a  particular  patch  of  forest.   Of  course  this 
statement  may  need  to  be  qualified  because  this 
pattern  of  habitat  selection  may  be  unique  to 
northeast  montane  forests  or,  perhaps,  solely 
to  Mount  Mansfield.   In  order  to  develop  a 
workable  management  scheme  to  increase  the 
breeding  status  of  the  Veery,  for  example,  it 
is  necessary  to  test  the  generality  of  the 
habitat  selection  model  developed  from  the 
Mount  Mansfield  study  area.   For  avian  species, 
an  assessment  of  their  habitat  associations  in 
vegatationally  similar  communities,  adjacent 
and  geographically  distinct,  would  constitute 
a  powerful  test  of  their  generality  of  habitat 
selection.   To  this  end  we  performed  identical 
habitat  analyses  of  thrush  species  in  the  Smoky 
Mountains  and  in  non-montane  areas  in  northern 
New  York  State.   In  essence,  we  will  test  the 
accuracy  with  which  the  classification  fiinctions 
(based  on  the  nine  discriminating  variables) 
derived  from  the  Vermont  study  assign  thrush 
individuals  breeding  in  other  locales  to  their 
correct  species  group.   The  proportion  of  cor- 
rect classifications  is  an  empirical  index  of 
the  generality  of  their  habitat  selection. 

Southern  Montane 

Distributional  Analyses. — During  May  19  77 
an  extensive  elevational  transect  on  the  Ten- 
nessee side  of  the  Great  Smoky  Mountains  Na- 
tional Park  was  censused.   As  discussed  earlier, 
the  census  results  included  information  on  the 


Table  5. — Classification  Matrix 


Predicted  Group 

Membershi_p 

Actual 

Swainson ' s 

Gray-cheeked 

group 

N 

Wood  thrush 

Veery 

Hermit  thrush 

thrush 

thrush 

W.T. 

50 

78%  (39) 

14%  (7) 

8%  (4) 

0%  (0) 

0%  (0) 

Vy. 

50 

22%  (11) 

66%  (33) 

8%  (4) 

4%  (2) 

0%  (0) 

H.T. 

50 

22%  (11) 

2%  (1) 

62%  (31) 

14%  (7) 

0%  (0) 

S.T. 

50 

4%  (2) 

10%  (5) 

0%  (0) 

84%  (42) 

2%  (1) 

G.CT. 

50 

0%  (0) 

0%  (0) 

0%  (0) 

2%  (1) 

98%  (49) 

Percent  of  observations  correctly  classified:   77.6% 
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jipecies   composition   and   distributional   pat- 
terns  of   these   montane  avian   communities, 
-t    all   sampling   stations    thrush   species  were 
I  significant    component   of   the  species   com- 
) lament.      The   Wood   thrush   generally  had 
-ower   relative   absolute   abundance   than   on 
lortheastern   gradients  while   the  Veery  had 
lomparable   abundance      (Fig.    9).      Some   of   the 
lecrease  in  the  Wood  thrush  density  may  be 
attributable   to   time   of   sampling.      The 
2arly  spring  of  1977  was   unusually  warm  and 
:he   species   may  have  been  sufficiently 
idvanced   into    its   breeding   cycle   as   to  be 
/ocalizing   less    frequently. 
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Figure  9. — The  abundances  of  the  thrush 
species  on  the  Smoky  Mountain  eleva- 
tional  gradient.   Species  denoted  as 
in  Fig.  7. 

Note  from  Fig.  9  that  the  Wood  thrush 
distribution  pattern  in  the  Southeast  was 
comparable  to  the  northeastern  pattern.   It 
occupied  the  lower  altitudes  along  the 
gradient  and  its  upper  elevational  ter- 
minus coincided  with  the  lower  ecotone  as 
on  Mount  Mansfield.   However,  the  distri- 
bution pattern  of  the  Veery  was  markedly 
different.   It  did  not  appear  on  the  gra- 
dient until  mid-elevations  (but  below  the 
first  ecotone)  and  extended  all  the  way  to 
the  upper  terminus  of  the  gradient.   Unlike 
their  northeastern  distributions,  the  Wood 
thrush  and  veery  tended  to  inhabit  mutually 
exclusive  ranges  along  southeastern  moun- 
tains.  In  addition,  both  species  showed 
evidence  of  amplitude  expansion.   The  Wood 
thrush  and  Veery  occupied  37  percent  ol   the 
northeastern  gradient  but  occupied  56  per- 
cent and  68  percent  respectively  of  the  south- 
eastern transect. 


Habitat  release  indicates  shifts  in  a 
species'  structural  habitat  niche  to  include 
areas  of  niche  space  occupied  by  putative  com- 
petitors in  sympatry  (e.g.,  Crowell,  1961,  1962; 
Diamond,  19  70;  Yeaton,  19  74;  Terborg  and  Weske, 
1975;  and  others).   The  amplitude  expansion  and 
elevation  distributional  patterns  of  the  two 
southeastern  thrush  populations,  particularly 
the  Veery's  shift  to  high  elevations,  implies 
that  habitat  release  has  occurred  for  these 
species.   However,  to  convincingly  argue  that 
release  has  occurred,  it  is  necessary  to  es- 
tablish that  niche  shifts  have  occurred  along 
critical  niche  dimensions.   Optimally,  these 
will  be  dimensions  quantifying  proximate  cues 
used  to  a'ssess  habitat  suitability.   Operation- 
ally, they  are  usually  dimensions  derived  from 
multivariate  statistical  analyses  and  thus  po- 
tentially both  highly  correlated  with  and  power- 
ful predictors  of  a  species'  presence. 

Habitat  Analyses. —  To  rigorously  test  the 
specificity  of  the  species'  habitat  selection, 
and  thus  the  generality  of  our  model,  each  of 
the  southeastern  observation  vectors  were  in- 
dividually classified  by  their  highest  proba- 
bility of  species  membership.   By  classification 
is  meant  the  process  of  identifying  the  likely 
group  membership  of  an  observation  vector  accord- 
ing to  its  values  on  the  discriminating  variables. 
Classification  is  achieved  through  the  use  of 
linear  classification  equations  derived  during 
discriminant  analysis  from  the  pooled  within- 
groups  covariance  matrix  and  the  centroids  for 
the  discriminating  variables  (Klecka,  1975). 
A  separate  equation  is  derived  for  each  group 
in  the  analysis.   The  classification  score  for 
each  observation  for  each  group  is  determined 
by  multiplying  the  raw  variable  values  by  their 
associated  coefficients,  and  adding  these  to- 
gether along  with  the  group  constant.   The  ob- 
servation is  then  assigned  to  the  species  group 
with  the  largest  classification  score. 

The  results  of  the  classification  of  the 
southeastern  Wood  thrush  and  Veery  populations, 
according  to  the  functions  derived  from  the 
northeastern  guild,  are  presented  in  Table  6. 
Only  45  percent  of  the  Smoky  Mountain  Wood  thrush 
individuals  were  classified  as  selecting 
habitats  structurally  comparable  to  their  north- 
eastern counterparts.   Contrast  this  value  with 
the  78  percent  correct  classification  for  north- 
eastern Wood  thrushes.   Smoky  Mountain  Wood 
thrush  most  frequently  select  habitats  like 
those  selected  by  northeastern  montane  V^eries. 

Fifty-one  percent  of  the  southeastern  Veery 
observation  vectors  have  structural  niche  con- 
figurations consistent  with  their  northeastern 
conspecif ics.   Thirty-two  percent  of  the  popu- 
lation selected  habitats  structurally  comparable 
to  those  selected  by  the  Swainson's  thrush, 
whereas  only  four  percent  of  the  population 
selected  habitats  of  this  type  on  Mount  Mans- 
field.  This  represents  a  substantial  expansion 
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Table  6. — Classification  of  Smoky  Mountain  observation  vectors  by  Mount  Mansfield  classification 
functions. 


Predicted  Group  Membership 


Actual 
Group 

N 

Wood  thrush 

Veery 

Hermit  thursh 

Swain son 's 
thrush 

Gray- cheeked 
thrush 

W.T.  (S) 

47 

45%  (21) 

49%  (23) 

4%  (2) 

2%  (1) 

0%  (0) 

Vy.  (S) 

47 

8.5%  (4) 

51%  (24) 

8.5%  (4) 

32%  (15) 

0%  (0) 

into  the  habitat  types  which  are  not  utilized 
in  the  presence  of  the  Swainson's  thrush. 

The  extensive  habitat  release  observed 
for  both  these  species  suggests  a  strong  role 
for  interspecific  competition  in  shaping  the 
specific  habitat  selection  patterns  detected 
for  the  northeastern  montane  populations  (see 
Noon,  1977) .   The  most  pertinent  issue  rela- 
tive to  the  topic  of  this  paper,  however,  is 
the  lack  of  consistency  in  structural  habi- 
tat selection  between  these  geographically 
distinct  montane  thrush  populations. 
Changes  in  a  species  composition  as  well  as 
structural  habitat  may  result  in  signifi- 
cant shifts  in  habitat  utilization.   The 
model  of  habitat  selection  generated  from 
the  study  of  northeastern  montane  thrush 
populations  cannot  be  generalized  to  vege- 
tationally  similar  southeastern  montane  for- 
ests.  Development  of  habitat  management 
scheme  for  forest  species  may  become  greatly 
complicated  because  of  niche  shifts  which 
accompany  changes  in  a  species'  biotic  en- 
vironment. 

The  r   he  shifts  observed  in  southeastern 
thrush  populations  may  have  been  predicted 
to  some  extent  because  of  potential  genetic 
and/or  phenotypic  differences  in  populations 
occupying  opposite  extremes  of  the  species 
distributions.   In  addition,  there  may  be 
subtle  structural  changes  in  forest  physiog- 
nomy which  precludes  the  species  selecting 
identical  structural  habitats  at  these  two 
geographically  distinct  areas-   However, 
foliage  height  diversity  profiles  for  spruce- 
fir  forest  in  northern  Maine  and  the  Smoky 
Mountains  are  almost  identical  (Rabenold, 
1976) ,  indicating  the  structural  differences 
may  be  slight. 

To  more  rigorously  test  the  generality 
of  the  habitat  selection  model  established 
from  Mount  Mansfield,  we  studied  thrush  pop- 
ulations at  a  comparable  latitude  but  occupying 
non-montane  forests.   This  comparison  may 
control  for  significant  genetic  or  pheno- 
typic population  differences  as  well  as  subtle 


structural  differences  in  vegetation  structure. 
This  study  area  was  occupied  by  all  of  the  north- 
eastern montane  thrush  species  except  the  Gray- 
cheeked  thrush.   The  methods  of  locating  indi- 
viduals and  quantifying  their  breeding  terri- 
tories were  identical  to  those  previously  em-    i 
ployed.  I 

The  classification  results  for  the  56  habi- 
tat quantifications  are  presented  in  Table  1- 
All  thrush  species,  except  the  Swainson's  thrush, 
are  predominantly  classified  into  their  cDrrect 
species  group.   However,  the  accuracy  of  classi- 
fication has  dropped  substantially  for  most 
species,  particularly  for  the  Swainson's  thrush 
which  is  strongly  misclassif ied  aa  Wood  tlirush. 
The  pattern  of  misclassif ication  for  the  Swain-  j 
son's  thrush  is  particularly  surprising  because  1 
this  species  and  the  Wood  tlirush  show  virtually 
no  spatial  overlap  on  any  of  the  northeastern 
elevational  gradients (Able  and  Noon,  1976).   The 
results  imply  that  the  habitat  selection  model 
cannot  be  readily  applied  to  adjactnt  non-monCane 
axes. 

We  propose  two  tenative  hypotheses  to  ax- 
plain  the  lack  of  generality  in  habit ac  selec- 
tion for  these  thrush  populations.   The  first 
of  these  concerns  the  distribution  of  vegeta- 
tional  patches  with  particular  structural  attri- 
butes.  Habitat  patches  with  the  appropriate 
structural  configuration  for  a  specific  thru.-jli 
species  appear  to  be  smaller  in  spatial  f  xteiit 
and  more  randomly  distributed  in  the  Cranberry 
Lake  region  than  on  adjacent  mountains.   Tliis 
difference  between  montane  and  non-inc>ntanc  areas 
is  most  likely  the  result  of  stricter  vegeta- 
tional  zonation  on  mountains;  a  con.sequtncii  of 
rapid  change  in  abiotic  influences  which  control 
plant  species  distributions.   11  the  species  re- 
spond to  this  change  in  grain  by  increasing  ter- 
ritory size  (in  order  to  keep  the  aiiiouiit  of 
suitable  structural  habitat  relatively  constant) 
then  their  habitat  selection  will  not  appear  to 
be  as  specific  as  on  movintains.   Two  types  of 
data  are  needed  to  test  this  hypothesis:   first, 
it  will  be  necessary  to  document  that  habitat 
types  are  more  patchily  distributed  in  this 
locale  than  on  mountains,  and  second,  to  es~ 
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Table  7. — Classification  of  Cranberry  Lake  observation  vectors  by  Mountain  Mansfield  classification 
functions. 


Predicted  Group 

Membership 

Actual 
Group 

N 

Wood  thrush 

Veery                 1 

Hermit    thrush 

Swainson's 
thrush 

Gray-cheeked 
thrush 

W.T. 

13 

62%    (8) 

23%    (3) 

15%    (2) 

0%    (0) 

0%    (0) 

Vy. 

13 

8%    (1) 

54%    (7) 

31%  .(4) 

8%    (1) 

0%    (0) 

H.T. 

13 

23%    (3) 

15%    (2) 

46%    (6) 

15%    (2) 

0%    (0) 

S.T. 

17 

59%    (10) 

12%    (2) 

18%    (3) 

12%    (2) 

0%    (0) 

tablish  a  relative  increase  in  territory  size 
from  montane  to  non-montane  areas.   Data  of 
this  sort  will  be  collected  over  the  next  few 
breeding  seasons. 

The  second  hypothesis  concerns  histori- 
cal factors.   The  geographical  range  of  the 
Vhod   thrush  has  dramatically  expanded  over  a 
short  period  of  time.   Only  since  1890  has 
this  species  become  a  regular  component  of 
the  breeding  avifauna  in  the  northeastern 
United  States  and  Canada  (Bent,  1949).   Evi- 
dence supplied  by  Morse  (19  71),  from  an  area 
in  northern  Maine  recently  invaded  by  the 
Wood  thrush,  indicated  that  the  thrushes  may 
be  interspecif ically  territorial.   In  those 
aggressive  encounters  reported,  the  Wood 
thrush  was  behaviorally  dominant  and  may 
have  preempted  territories  previously  occu- 
pied by  other  thrush  species.   However,  in 
areas  studied  by  Dilger  (1956)  and  Noon  (1977), 
where  the  Wood  thrush  was  not  a  recent  in- 
vader, there  was  no  evidence  of  interspecific 
territoriality.   In  the  Cranberry  Lake  region 
the  Wood  thrush  may  be  a  recent  addition  to  the 
breeding  avifauna  (Adams,  1923)  and  its  abun- 
dance is  still  substantially  lower  than  any 
of  the  other  thrushes.   Because  covert  com- 
petitive interactions  contribute  strongly  to 
these  species'  patterns  of  specific  habitat 
selection  (Noon,  1977),  the  Cranberry  Lake 
region  may  not  have  reached  a  competitive 
equilibrium.   Non-equilibrium  patterns  of  re- 
source utilization  may  be  sufficient  to  ex- 
plain the  observed  degree  of  habitat  mis- 
classification  (though  not  the  specific 
pattern  of  misclassif ication) . 

To  summarize,  tests  in  other  locales  of 
the  habitat  selection  model  developed  from 
an  extensive  multivariate  study  of  the  breed- 
ing habitats  of  the  northeastern  montane 
thrush  guild  have  indicated  a  lack  of  general- 
ity.  In  southeast  mountains  where  two  of  the 
five  guild  members  remain,  habitat  niche  shifts 


have  occurred  as  the  result  of  changes  in  their 
competitive  environment  (Noon,  1977).   In  non- 
montane,  but  adjacent,  areas  in  the  northeast 
shifts  in  habitat  utilization  for  some  species 
are  hypothesized  to  be  the  result  of  vegeta- 
tional  and  historical  factors.   The  implica- 
tions are,  at  least  for  some  forest  birds,  that 
habitat  management  schemes  will  have  to  be 
tailored  to  local  conditions- 


DISCUSSION 

Habitat  selection  in  passerine  birds  ap- 
pears to  be  influenced  by  the  physical  struc- 
ture of  the  vegetation  without  particular  re- 
gard to  the  plant  species  present.   In  a  variety 
of  multivariate  studies  of  avian  habitats  differ- 
ences in  a  few  structural  variables  were  suf- 
ficient to  significantly  discriminate  even  very 
diverse  communities  (Whitmore,  1977).   This  con- 
sistency argues  for  some  overriding  patterns 
of  community  organization.   Comparisons  of  com- 
munity-level patterns  of  organization  for  north- 
eastern and  southeastern  elevational  gradients 
have  been  presented.   In  general,  the  patterns 
of  organization  for  these  communities  are  quite 
similar,  but  with  noteable  exceptions.   The  sim- 
ilarity of  organization  may  most  likely  be  a 
consequence  of  the  migratory  nature  of  the 
majority  of  breeders  on  these  gradients. 

Perhaps  the  most  striking  feature  that 
emerged  from  the  comparison  of  community  struc- 
ture on  elevational  gradients  in  the  northern 
and  southern  Appalachian  Mountains  is  their 
strong  similarity.   In  terms  of  species  richness, 
whether  viewed  over  the  entire  gradient  or  on  a 
station  by  station  basis,  the  two  gradients  were 
virtually  identical  although  there  were  many  dif- 
ferenced in  species  composition.   Rabenold  (19  76) 
compared  the  breeding  birds  of  spruce-fir  forests 
in  Maine  and  North  Carolina  and  concluded  that 
the  southern  fauna  was  a  depauperate  subset  of 
the  northern.   We  did  not  find  such  a  striking 
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difference  and  Rabenold's  species  list  sug- 
gests that  the  Maine  site  may  have  contained 
greater  horizontal  heterogeneity.   This 
coupled  with  the  presence  of  spruce  budworm 
specialists  can  account  for  at  least  part 
of  the  difference.   Based  on  our  data,  the 
montane  avifauna  of  the  southeast  does  not 
follow  the  general  trend  of  lower  species 
richness  southward  discussed  by  Tramer  (19  7  4). 

The  communities  were  also  quite  similar 
with  respect  to  the  absence  of  obvious  com- 
petitive exclusion  patterns,  the  effect  of 
ecotones  on  species  turnover  patterns  (though 
somewhat  reduced  in  the  Smoky  Mountains) ,  and 
the  pattern  of  species  amplitudes  on  the  gra- 
dients.  These  similarities  imply  that  there 
is  some  generality  to  certain  structural 
features  of  predominantly  migratory  temper- 
ate forest  bird  communities.   In  some  of  these 
same  ways,  both  communities  are  quite  dif- 
ferent from  tropical  forest  ones  as  discus- 
sed previously  (Able  and  Noon,  1976) .   Most 
notably,  the  apparent  absence  of  altitudinal 
segregation  of  putative  competitors  sugges- 
ting interference  competition,  and  the 
large  changes  in  community  composition  coin- 
cident of  ecotones  are  in  sharp  contrast  to 
the  patterns  described  by  Terborgh  (19  71), 
Terborgh  and  Weske  (19  75)  and  Diamond  (1973) 
in  two  widely  separated  tropical  areas. 

In  many  ways  the  differences  between 
the  communities  of  the  two  areas  are  more 
interesting  than  their  similarities.   Where- 
as species  richness  was  very  similar,  the 
communities  in  the  Smoky  Mountains  were  more 
extensively  dominated  by  one  or  a  very  few 
species.   This  difference  was  not  accom- 
plished at  the  expense  of  the  abundance  of 
the  rarer  species.   In  fact,  abimdances  of 
most  species  averaged  higher  in  the  Smoky 
Mountains  than  on  the  northern  gradients 
and  this  difference  was  merely  greater  in 
the  dominants.   Rabenold's  (1976)  data  reveal 
the  same  difference  which  he  attributed  to 

duced  competition  in  the  depauperate 
southern  fauna.   Our  data  don't  admit  this 
explanation,  but  there  are  other  possibili- 
ties, none  of  which  are  yet  tested.   The 
breeding  season  is  elongated  in  the  southern 
mountains,  allowing  more  double-broaded- 
ness  and  at  least  the  potential  of  stagger- 
ing breeding  and  thereby  reducing  competi- 
tion.  Differences  in  resource  abundance, 
variety  or  temporal  availability  between 
the  two  regions  could  also  effect  changes 
in  the  competitive  regime. 

If  competition  across  the  community  is 
relaxed  in  the  southern  mountains  (and  we  do 
not  assert  that  this  is  generally  so) ,  both 
the  higher  abundances  of  species  and  the 
smaller  turnover  of  species  at  ecotones  could 
be  explained.   Distributional  boundaries 
coincident  with  ecotones  are  likely  a  product 


of  habitat  selection  evolved  and  reinforced  by 
competitive  pressure.   If  ecotones  were  less 
sharp  in  the  Smoky  Mountains  our  results  with 
regard  to  distributional  limits  would  be  ex- 
plained.  However,  we  have  no  evidence  that 
this  was  the  case.   In  addition,  it  must  be 
emphasized  that  whereas  a  smaller  proportion 
of  species  limits  occurred  at  ecotones  than 
in  the  Northeast,  large  changes  in  the  rela- 
tive abundance  of  species  were  still  obvious. 

If  we  examine  the  species  which  are  domi- 
nants at  various  elevations  on  the  Smoky  Moun- 
tain gradient  a  common  characteristic  emerges. 
The  most  abundant  species  are  also  those  that 
occupy  the  greatest  elevational  ranges  on  the 
gradient.   The  list  of  these  abundant  and 
broadly  distributed  species  includes  both  mi- 
grants and  residents,  low-  and  high-elevation 
species,  representatives  of  at  least  five 
families,  and  a  variety  of  trophic  specializa- 
tions.  The  only  feature  they  appear  to  have 
in  common  is  that  they  are  habitat  generalists. 

This  relationship  between  "niche"  width 
and  abundance  has  been  found  in  several  kinds 
of  communities,  including  birds  (McNaughton  and 
Wolf,  1970;  but  cf.  Ricklefs,  1972).   The  causal 
factors  in  this  relationship  are  by  no  means 
clear  although  it  seems  reasonable  that  species 
with  broad  habitat  tolerances  could  reach  and 
maintain  larger  local  populations. 

A  final  major  difference  between  the  com- 
munities on  the  two  gradients  is  the  ratio  of 
migrants  to  regional  residents.   Superficially, 
the  Smoky  Mountain  avifauna  is  more  similar  to 
a  tropical  one.   However,  many  of  the  indivi- 
duals of  these  species  move  at  least  to  lower 
elevations  in  winter  and  those  that  do  not 
apparently  wander  extensively  (Stupka,  1963). 
Thus  they  are  not  sedentary  in  the  sense  that 
many  tropical  species  are  thought  to  be  (e.g., 
Diamond,  1973;  but  cf.  Karr,  1976,  and  references 
cited  therein).  Because  in  both  areas  virtually 
all  individuals  occupy  their  breeding  territories 
for  only  a  small  fraction  of  the  year,  inter- 
specific territoriality  leading  to  the  repul- 
sion interactions  described  by  Diamond  (19  73) 
and  Terborgh  (19  71)  may  be  impractical.   As  we 
argued  previously,  competitive  pressures  in 
these  migratory  temperate  communities  seem  to 
have  been  resolved  primarily  through  differential 
habitat  selection.   Under  these  conditions  overt 
evidence  of  competition  may  be  leacking  as  shown 
theoretically  by  Rosenzweig  (MS),  and  empiri- 
cally by  Noon  (19  77). 

Differences  in  community-level  patterns 
reflect  differences  in  population-level  re- 
sponses.  Even  if  these  distinctions  are  slight 
they  may  have  important  consequences  for  effec- 
tive habitat  management.   If  southeastern 
species  are  more  generalized  than  their  north- 
eastern counterparts  then  they  should  be  less 
adversely  affected  by  specific  changes  in  habi- 
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tat  structure.   On  the  otherhand,  If  south- 
eastern species  diversity  is  limited  by 
peak  resource  abundance  then  attempts  to 
increase  local  diversity  by  increasing  lo- 
cal habitat  heterogeneity  will  have  only 
limited  success. 

Variability  in  a  species'  habitat  sel- 
ection may  imply  behavioral  plasticity  in 
response  to  proximate  cues  used  to  assess 
habitat  suitability.   Specificity  of  habitat 
selection  in  any  one  locale  may  by  in  re- 
sponse to  interspecific  competition  (Noon, 
1977)  or  simply  to  a  lack  of  alternative 
suitable  habitat.   Effective  habitat  manage- 
ment for  a  specific  species  will  depend 
upon  accurately  ascertaining  these  subtle 
influences.   Managing  structural  habitat 
components  to  positively  influence  a  par- 
ticular species  will  most  likely  have  nega- 
tive influences  on  other  species.   The  chal- 
lenge for  the  habitat  manager  is  to  minimize 
these  negative  repurcussions . 

Present  land-use  practices  often  re- 
sult in  the  generation  of  small  blocks  of 
forest.   The  dramatic  consequences  of  this 
forest  fragmentation  on  avian  communities 
has  recently  been  reported  (Whitcomb,  1977). 
Although  these  fragments  contain  patches  of 
habitat  structurally  appropriate  for  cer- 
tain species,  those  species  are  absent.   In- 
variably these  species  are  neotropical  mi- 
grants which  appear  to  be  extremely  size- 
sensitive.   Proper  management  to  insure  the 
presence  of  these  species  means  not  only 
insuring  appropriate  habitats  but  that  these 
habitats  be  contained  within  large  tracts  of 
continuous  forest. 

The  analysis  of  the  thrush  habitat  sel- 
ection patterns  have  demonstrated  the  use 
of  a  multivariate  analysis  technique  and  its 
potential  application  to  habitat  management 
schemes.   For  example,  using  the  results 
of  discriminant  function  analysis  a  given 
location  within  a  forest  could  be  measured 
using  the  same  subset  of  variables  as  were 
used  in  the  habitat  niche  descriptions  of 
the  thrushes.   Subsequent  to  plotting  this 
point  in  discriminant  space  the  location 
could  be  assessed  according  to  its  proba- 
bility of  containing  a  particular  thrush 
species.   If  the  forest  site  were  not  con- 
tained within  the  probability  ellipse  of 
the  desired  species,  or  if  it  would  not  sup- 
port the  theoretical  maximiim  species  comple- 
ment, then,  in  theory,  the  habitat  could  be 
altered  to  include  this  (and  other)  species. 
An  area  with  high  structural  diversity  should 
generate  a  point  in  discriminant  space  that 
would  simultaneously  be  contained  within  the 
probability  ellipses  of  several  species. 

The  consequences  of  habitat  perturba- 
tions or  success ional  changes  would  be  re- 


flected by  movement  of  a  forest's  mean  habitat 
vector  in  discriminant  function  space.   Any 
habitat  alteration  which  would  move  the  mean 
vector  closer  to  a  species'  centroid  should  be 
beneficial  to  that  species  since  the  population 
would  have  more  suitable  habitat  available  (An- 
derson and  Shugart,  1974).   Conversely,  movement 
away  from  a  species'  centroid  should  have  a  neg- 
ative effect  on  its  population  size  and  if  moved 
sufficiently  could  cause  local  extinction. 

The  accuracy  with  which  predictions  of  pop- 
ulation change  can  be  made  depends  upon  the 
regularity  of  a  species'  habitat  selection  pat- 
tern independent  of  changes  in  its  competitive 
environment.   The  more  invariant  a  species' 
habitat  selection  the  more  accurately  its  popu- 
lation dynamics  can  be  modeled.   The  results 
presented  above  represented  a  test  of  the  gener- 
ality of  habitat  selection  of  the  northeastern 
montane  thrush  guild.   They  indicate  that  subtle 
changes  in  a  species  environment  may  generate 
substantial  niche  shifts.   The  successful  man- 
agement of  avian  wildlife  will  require  a  de- 
tailed understanding  of  the  species'  habitat 
requirements  as  well  as  the  dynamics  of  its 
interactions  with  the  rest  of  the  community. 
Our  data  indicate  that  changes  in  community- 
level  attributes  may  generate  significant 
changes  in  a  species'  habitat  utilization- 
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Snag  Management  for  Cavity  Nesting  Birds 


Richard  N.  Conner- 


1/ 


Abstract. — Availability  of  snags  on  forest  lands  affects 
abundance,  diversity,  and  species  richness  of  cavity  nesting 
birds.   The  effect  of  timber  rotations,  harvesting  techniques, 
and  fungal  heart  rots  on  nest  site  availability  is  examined. 
Research  needs  are  surveyed  and  management  recommendations 
suggested. 


INTRODUCTION 

Increases  in  availability  of  snags  on 
forest  lands  have  been  shown  to  increase  the 
abundance,  diversity,  and  species  richness  of 
cavity  nesting  birds  (Balda  1975b) .   If  forest 
management  is  to  favor  these  species  and  the 
production  of  snags  as  suitable  nest  sites,  it 
must  consider  length  of  timber  rotation,  har- 
vest techniques,  fungal  heart  rots,  and  bird 
species. 

This  paper  examines  interactions  that  af- 
fect production  of  suitable  nest  sites  and 
offers  management  recommendations  that  could 
increase  snag  availability. 


SNAGS  AND  SNAG  USE 

In  this  paper,  a  snag  will  be  defined  as 
any  dead,  dying,  or  living  tree  suitable  as 
a  nest  site  for  a  cavity  nesting  bird.   Snags 
are  produced  naturally  by  a  variety  of  envi- 
ronmental factors,  all  of  which  stress  and 
kill  living  trees.   Fire,  tree  disease, 
lightning,  flooding,  and  drought  are  some  of 
the  more  obvious  forces  that  stress  trees 
(Keen  1955). 

Birds  use  snags  for  a  variety  of  pur- 
poses.  Woodpeckers,  chickadees,  nuthatches, 
and  brown  creepers  (Certhia  familiaris)  com- 
monly use  snags  as  foraging  substrate.   Fly- 
catchers, shrikes,  red-headed  woodpeckers 
(Melanerpes  erythrocephalus) ,  bluebirds,  and 
hawks  regularly  use  open-area  snags  as 
perches  to  watch  for  prey.   Many  species  of 
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passerine  birds  that  occupy  edge  or  open  habi- 
tats use  snags  as  singing  perches  for  terri- 
torial advertisement.   Woodpeckers  often  use 
resonant  undecayed  portions  of  snags  as  drum- 
ming sites  for  territorial  announcements. 

Primary  cavity  nesters,  such  as  wood- 
peckers, typically  excavate  their  own  nest 
and  roost  cavities  in  snags.   Secondary 
cavity  nesters  use  natural  cavities  and  aban- 
doned woodpecker  excavations  (Table  1) .   For 
example,  owls  often  use  woodpecker  cavities 
as  daytime  roost  sites,  occasionally  before 
they  are  vacated  by  woodpeckers  (Conner 
1973).   Therefore,  factors  that  cause  trees 
to  become  suitable,  potential  nest  sites  for 
primary  cavity  nesters  are  the  most  important 
management  parameters  in  snag  production. 

Natural  cavities  and  woodpecker  excava- 
tions are  also  used  by  animals  other  than 
birds  (Gysel  1961,  Kilham  1968,  Dennis  1971, 
Erskine  and  McClaren  1972).   Squirrels,  mice, 
wood  rats,  bats,  raccoons  (Procyon  lotor) , 
and  opossum  (Didelphis  virginianus)  use 
cavities  for  winter  and  summer  dens.   Less 
noticeable  residents  are  various  species  of 
funnel-web  spiders,  skinks,  and  tree  frogs. 
Cavities  provide  dry  shelters  for  these  small 
predators  as  they  wait  for  insects  (Conner 
1974). 


SUITABILITY  OF  SNAGS  AS  NEST  SITES 

Recent  studies  demonstrate  that  even 
primary  cavity  nesters  cannot  nest  in  just 
any  tree.   These  birds  largely  depend  upon 
trees  infected  by  fungal  heart  rots;  such 
trees  have  softened  heartwood  that  makes  it 
easier  for  the  birds  to  excavate  a  cavity 
(Odum  1941a  and  b,  Steirly  1957,  Shigo  and 
Kilham  1968,  Dennis  1969,  Ligon  1970,  Kilham 
1971,  Conner  et  al.  1975,  Crockett  and  Hadow 
1975,  Conner  et  al.  1976,  Jackson  1977b). 
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ab.le  ]. — SelecLcd  list  of  cavity  nesting  birds  (Robbins  et  al.  1966,  Dennis  1971,  Erskine  and 
McLaren  197.:,  Mowbray  and  Goertz  1972). 


Specj.es 


'od  Ouck 
( Aix  sponsa) 


nerican  Kestrel 
(P'alco  sparver  lus) 

creech  Owl 
(Otus  asio) 


Primary  or 

secondary 

cavity  nester 


Specific  references  on  nesting  sites 


secondary     Bent  1923,  Bellrose  et  al.  1964. 


secondary     Bent  1938 


secondary 


Bent  1938 


?iiinio.ii  Flicker 
(Colaptes  auratus) 


primary       Burns  1900,  Bent  1939,  Conner  et  al.  1975,  Conner  et 
al.  1976,  Conner  and  Adkisson  1977. 


iJeated  Woodpe.;;kGr 
(Dryocop'is  pilaatus) 


primary       Bent  1939,  Hoyt  1957,  Conway  1957,  Jackman  1974, 

Conner  et  al.  1976,  Conner  and  Adkisson  1977,  Bull 
and  Meslow  1977. 


rtd-bellied  Woodpecker 
(>?elanerpes  carolinus) 


primary 


ed-headed  Woodpecker  primary 

(Melanerpes  erythrocephalus) 


ellow-bellied  Sapsucker 
(Spliyrapicus  varius) 

airy  Woodpecker 
(Picoides  villosus) 


primary 


primary 


5ent  1939,  Reller  1972,  Jackson  1976. 


Bent  1939,  Reller  1972,  Conner  1976,  Jackson  1976, 
Conner  and  Adkisson  1977. 


Bent  1939,  Kilham  1971. 


Bent  1939,  Lawrence  1966,  Kilham  1968,  Conner  et  al. 
1975,  Conner  et  al.  1976,  Conner  and  Adkisson  1976, 
1977. 


owny  Woodpecker 
(Picoides  pubescens) 

ed-cockaded  Woodpecker 
(Picoides  borealis) 


primary 


primary 


Bent  1939,  Lawrence  1966,  Conner  et  al.  1975, 
Conner  et  al.  1976,  Conner  and  Adkisson  1976,  1977. 

Bent  1939,  Steirly  1957,  Ligon  1970,  Thompson  (ed.) 
1971,  Jackson  1977a  and  b,  Kilham  1977. 


reat  Crested  Flvrcatcher       secondary 
(MyLarchus  crinitus) 

ree  Swallow  secondary 

(I rid op ro one  bicolor) 

lack-capped  and  Carolina      both 
Chicakdees 
(Parus  atricapillus 
and  £.  carolinensis) 


3ent  1942. 


Bent  1942. 


Bent  1946,  Odum  1941a  and  b. 


ifted  Titmouse 
(Parus  bicolor) 


both 


Bent  1946. 


lite-breasted.  Red-breasted,   both 
and  Brown-headed  Nuthatches 
(Sltta  carolinensis,  S^. 
canadensis,  and  S_.  pusilla) 


rown  Creeper 
(Certhia  familiaris) 


secondary 


Bent  1948. 


Bent  1948, 
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Table  1. — Continued 


Species 


Primary  or 

secondary 

cavity  nester 


Specific  references  on  nesting  sites 


Carolina  Wren  secondary     Bent  1948. 

(Troglodytes  ludovicianus) 


Eastern  Bluebird 
(Sialia  sialis) 


secondary     Bent  19A8,  Conner  and  Adkisson  1974a,  Pinkowski, 
1976. 


Many  of  these  studies  also  suggest  that 
woodpeckers  can  excavate  nest  cavities  in  non- 
infected  trees.   In  such  studies,  however, 
the  presence  of  fungal  fruiting  bodies  on 
tree  exteriors  was  relied  on  to  indicate 
heart  rot.   But  species  of  fungi  that  cause 
primary  infection  of  heart  rots  do  not  typi- 
cally fruit  on  the  exterior  of  nest  trees, 
and  in  many  cases  there  is  no  other  sign  of 
decay  on  the  outside  of  a  nest  tree  with 
heart  rot  (Conner  et  al.  1976).   In  such 
cases,  aseptically  removed  chips  of  heartwood 
from  the  tree  core  near  the  nest  cavity  should 
be  cultured  in  the  laboratory  to  check  for 
fungi. 


SEQUENCE  OF  HEART  ROT  INVASIONS 

Heart  rot  fungi  commonly  enter  through 
dead  branch  stubs  (Hepting  and  Chapman  1938, 
Baumgartner  1939,  Conner  et  al.  1976),  but 
can  also  enter  through  tree  bark  damage. 
Wind-blown  spores  then  come  in  contact  with 
favorable  growing  conditions  (Shigo  and  Lar- 
son 1969). 

Once  a  fungus  has  entered  a  tree  it 
usually  decays  a  small  area  and  then  spreads 
throughout  the  heartwood.   Woodpeckers  ap- 
parently detect  heart  rot  by  pecking  the  tree 
and  distinguishing  a  particular  resonance 
(Conner  et  al.  1976) . 

Woodpeckers  often  start  cavities  but  may 
abandon  an  excavation  site  when  sound,  unde- 
cayed  heartwood  is  encountered  (Conner  et  al. 
1976,  E.  L.  Bull  pers.  comm.).   Jackson  (1977b) 
has  suggested  that  red-cockaded  woodpeckers 
(Picoides  borealis)  excavate  nest  cavities 
slowly  in  areas  where  suitable  potential 
nest  trees  are  lacking.   The  woodpeckers  can 
only  excavate  until  they  reach  sound  heart- 
wood  and  must  wait  for  fungal  activity  to  de- 
cay wood  tissue.   In  such  cases,  excavation 
may  take  more  than  a  year. 


IDENTIFICATION  OF  POTENTIAL  NEST  TREES 

Potential  nest  trees  for  primary  cavity 
nesters  are  those  infected  with  "top  rots," 
heart  rot  fungi  that  invade  the  trunk  or  main 
limbs  in  upper  regions  of  the  tree.   If  a  tree 
is  to  be  classified  as  a  suitable,  potential 
nest  tree,  heart  rot  must  be  detected  at  the 
range  of  heights  and  stem  diameters  where 
woodpeckers  normally  nest  (Table  2) .   Possi- 
ble existence  of  suitable  nest  site  condi- 
tions could  be  detected  by  observing: 

1.   Fungal  conks  (fruiting  bodies)  of 
species  known  to  cause  heart  rots 
(Shigo  and  Larson  1969,  Hepting  1971, 
Miller  1972,  Conner  et  al.  1976).     j 

Dead  branch  stubs  (Shigo  and  Larson 
1969,  Baumgartner  1939,  Conner  et  al. 
1976). 

3.  Old  wounds  or  scars  on  trees  result- 
ing from  mechanical,  lightning,  or 
fire  damage  (Hepting  1935,  Hepting 
and  Hedgcock  1937,  Stickel  1940, 
Toole  1959,  Shigo  and  Larson  1969). 
With  sufficient  time  butt  rots  will 
grow  higti  enough  in  the  heartwood  of 
trees  to  create  suitable  nest  site 
conditions  (Toole  1959). 

4.  Discolored  or  soft,  decayed  wood  in 
increment  borer  corings  (Toole  1959, 
Shigo  and  Larson  1969,  Conner  et  al. 
1976,  Jackson  1977b) . 

5.  Existing  woodpecker  holes  or  cavities 

6.  Obvious  dead  portions  of  trees. 

7.  Testing  the  tree  with  a  "Shigometer' 
— Northeastern  Forest  Experiment 
Station — photo  story  No.  29,  Upper 
Darby,  Pa.  19082. 
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Table  2. — Nest  site  characteristics  of  several  primary  cavity  nesters.   Values  presented  are  a 
subjective  estimate  of  optimal  conditions  based  on  data  in  the  literature  (see  individual 
species  list.  Table  1).   CAUTION — These  values  will  vary  for  tree  species  and  geographical 
areas  different  from  those  where  initial  data  were  collected. 


Species 


Tree  Preference  for 

Nest  cavity  diameter         live  or  dead 
height  (m)   at  nest  (cm)   sect  ion  of  trees ^ 


Red-cockaded  Woodpecker 

Downy  Woodpecker 
Hairy  Woodpecker 
Red-bellied  Woodpecker 
Red-headed  Woodpecker 
Common  Flicker 
Pileated  Woodpecker 
Black-capped  Chickadee 


3-12 

unavail. 
in  lit. 

live 

2-11 

15-30 

dead 

.(both) 

3-17 

20-40 

both 

3-18 

15-35 

dead 

(both) 

4-20 

24-36 

dead 

(both) 

3-18 

26-60 

dead 

(both) 

5-17 

30-45 

both 

2-9 

9-15 

dead 

DBH  of      Age  of 

nest        nest 

tree  (cm)    tree  (yrs.) 


26-60 

17-60 

22-60 

30-762 

70-110^ 

30-120 

35-85 

unavail. 
in  lit. 


70-100 

60-70 

85-95 

60-2002 
140-300^ 

60-300 

100-180 

unavail . 
in  lit. 


-  This  parameter  shows  extreme  geographic  variation. 


3  _ 


Conner,  unpublished  data  in  oak-hickory  timber  type  (n  =  4) 

Based  on  mature  oak-hickory  wood  lots — values  probably  less  in  southern  pine  types. 


8.   Identification  of  fungi  from  culture 
of  wood  obtained  by  coring  trees 
with  an  increment  borer  (Davidson  et 
al.  1942,  Nobles  1965,  Conner  et  al. 
1976. 

Conks  on  the  outside  of  a  tree  do  not  al- 
ways indicate  a  heart  rot,  and  thus  a  poten- 
tial nest  tree.   Sap  rots  which  infect  and 
kill  living  xylem  and  phloem  tissue  also 
produce  conks.   The  condition  of  the  sapwood, 
however,  may  influence  suitability  of  trees 
as  nest  cavity  sites  for  certain  species. 
Downy  woodpeckers  (Picoides  pubescens)  and 
common  flickers  (Colaptes  auratus)  in  east- 
ern U.S.  rarely  excavate  nest  cavities  in 
oaks  (Quercus  spp . )  and  hickories  (Carya 
spp.)  with  a  living  cambium  at  the  nest 
areas.   Eastern  pileated  (Dryocopus  pileatus) 
and  hairy  (Picoides  villosus)  woodpeckers 
often  excavate  through  a  living  hardwood 
cambium  to  reach  a  decayed  heartwood  core 
(Conner  et  al.  1975).   Downies  and  flickers 
apparently  need  sap  rots  to  soften  outer 
portions  of  trees  as  well  as  heart  rots  when 
hardwoods  and  possibly  pines  (Pinus  spp.)  are 
used. 


EFFECTS  OF  TIMBER  MANAGEMENT  ON 
NEST  TREE  PRODUCTION 

Rotation  time,  or  time  between  clear- 
cutting,  affects  nest  tree  production.   At 
present,  rotation  times  are  often  established 
to  maximize  timber  production  and  minimize 
loss  of  products  to  decay  and  similar  factors 
(Hepting  1971).   Short  rotation  times  that 
maximize  timber  production  may  reduce  the 
chance  of  trees  growing  large  enough  to 
house  nest  cavities  (Table  2).   Sufficient 
time  must  also  pass  to  allow  fungal  heart 
rots  to  adequately  decay  trees.   However, 
there  is  no  information  available  to  define 
the  time  needed  for  various  heart  rot  fungi 
to  decay  trees  to  the  extent  required  for 
nest  excavation. 

Based  on  U.S.  Forest  Service  guidelines 
(Forest  Service  Manual,  Section  24-10,  and 
24-15)  rotation  times  for  pines  on  National 
forest  lands  in  southern  forests  are  about 
65  to  70  years.   At  that  age  stands  range 
from  40  to  55  cm  dbh  depending  on  site  condi- 
tion and  can  be  used  for  pulpwood  and/or  saw- 
timber.   When  this  dbh  range  is  compared  with 
trees  selected  as  nest  sites  by  the  seven 
woodpecker  species,  the  Forest  Service 
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rotation  scheme  falls  within  the  dbh  ranges 
used  (Table  2) .   Nest  trees  are  apparently 
being  produced.   However,  only  the  downy,  red- 
bellied,  and  flicker  nest  regularly  in  trees 
younger  than  65  to  70  years.   This  suggests 
that  more  time  is  needed  for  trees  to  become 
suitably  infected  with  fungi. 

A  study  of  Fomes  pini  in  southern  pines 
demonstrates  an  increase  in  fungal  activity 
with  age  (Hepting  and  Chapman  1938) .   Only 
one  out  of  40  trees  was  sufficiently  infected 
with  rot  to  be  culled  after  80  years,  ten 
years  beyond  the  Forest  Service  rotation  for 
southern  pines.   Forest  Service  rotation  on 
bottomland  hardwoods  is  100  years,  perhaps  a 
bit  more  favorable  for  cavity  nesters. 

Rotations  practiced  by  private  paper 
companies  are  shorter  than  those  set  by  the 
Forest  Service.   Where  southern  pines  are 
managed  for  pulpwood  production,  rotations  of 
20  to  30  years  are  preferred  (Johnson  iri 
Slusher  and  Hinckley  1974).   If  both  pulpwood 
and  sawlogs  are  desired,  rotations  are  35  to 
40  years. 

Timber  harvest  techniques  also  influence 
cavity  nesters.   In  the  National  Forests  of 
southwestern  Virginia,  snags  and  nest  trees 
were  left  standing  during  clearcutting  opera- 
tions and  a  variety  of  wildlife  used  these 
trees:   bluebirds  (Conner  and  Adkisson  1974a), 
woodpeckers  (Conner  and  Crawford  1974,  Conner 
et  al.  1975),  and  red-tailed  hawks  (Buteo 
jamaicensis)  (Conner  and  Adkisson  1974b). 
Ages  of  these  stands  when  clearcut  ranged 
between  100  and  150  years  (Conner  unpublished 
data) ,  apparently  a  sufficient  time  for  fungi 
to  create  suitable  nest  sites.   However, 
snags  are  highly  susceptible  to  fire  and  have 
the  potential  to  fall;  they  are  therefore 
considered  undesirable  by  many  forest  managers 
(McClelland  and  Frissell  1975). 

Firewood  collections  on  national  forests 
remove  many  snags.   The  Forest  Service  occa- 
sionally opens  up  sections  of  land  so  that 
the  public  can  pick  up  or  cut  any  dead  or 
fallen  trees  at  no  cost.   In  areas  where  nest 
sites  are  limited,  such  practices  should  be 
discontinued  if  cavity  nesters  are  to  be 
favored. 


CALCULATIONS  OF  MINIMAL  SNAG  DENSITY 

Several  formulas  have  been  devised  to 
calculate  the  minimum  snag  density  needed  by 
a  cavity  nesting  species.   Based  on  data  col- 
lected in  Arizona,  Balda  (1975a)  calculated 
the  number  of  snags  needed  to  support  second- 
ary cavity  nesters  in  ponderosa  pine  (Pinus 
ponderosa)  forests.   The  Forest  Service  has 
developed  guidelines  for  additional  formulas 


(Bull  and  Meslow  1977).   Factors  used  in  the 
calculations  include:   (A)  maximum  bird  species 
density  in  pairs  per  square  mile,  (B)  number 
of  snags  used  annually  for  nesting  and  roost- 
ing, and  (C)  a  reserve  of  snags:   15  for  each 
one  used.   These  three  figures  are  then  multi- 
plied times  each  other  (A  x  B  x  C  =  Y) ,  where 
Y  equals  the  number  of  suitably  sized  snags 
required  per  square  mile  by  the  species. 

If  the  timber  on  an  area  is  to  be  cut, 
the  number  of  snags  to  be  left  can  be  calcu- 
lated with  the  following  formula  (Bull  and 
Meslow  1977):   S  =  T(L-R)  +  Y 
Where  S  =  number  of  snags  to  be  left  per 
square  mile 
T  =  years  to  next  harvest 
L  =  annual  snag  loss  per  square  mile 
R  =  annual  snag  recruitment  per  square 

mile 
Y  =  number  of  suitably  sized  snags 
required. 

Snags  fall,  and  a  sufficient  number  should 
be  left  to  insure  an  adequate  supply  for  cavi- 
ty nesters  until  replacements  become  availa- 
ble.  When  leaving  snags  it  is  best  to  choose 
those  that  will  last  the  longest  (McClelland 
and  Frissell  1975)  as  well  as  those  with 
cavities  that  are  of  immediate  use.   It  should 
also  be  noted  that  snags  in  clearcuts  benefit 
species  that  select  open  environments  but  do 
not  favor  cavity  nesters  that  require  deep 
woods  habitat. 


ARTIFICIAL  PRODUCTION  OF  NEST  TREES  AND  SNAGS 

Nest  trees  and  snags  could  perhaps  be 
created  artificially  during  timber  harvest 
operations  and  in  uncut  forest  stands.   Silvi- 
cide  injections  are  often  used  to  kill 
unwanted  trees  during  clearcutting  to  elimi- 
nate competition  for  light,  moisture,  and 
nutrients . 

Research  is  needed  to  determine  if  heart 
rot  fungi  are  inhibited  by  the  silvicides. 
The  effect  of  silvicides  on  insect  invasions 
as  well  as  toxicity  to  wildlife  (e.g.  dioxin 
in  2,4,5-t)  also  needs  to  be  examined  since 
snags  are  regularly  used  as  foraging  sites. 
Several  studies  have  already  shown  that  cer- 
tain herbicides  have  a  toxic  and  teratologi- 
cal  effect  on  insects,  wildlife,  and  the 
ecosystem  (Orians  and  Pfeiffer  1970,  Galston 
1971,  President's  Scientific  Advisory  Coram. 
1971,  Westing  1971,  Moffett  et  al.  1972, 
Morton  et  al.  1972,  Lichtenstein  et  al.  1973, 
Wilson  1973,  Kenaga  1974). 

If  silvicides  do  not  prevent  production 
of  suitable,  potential  nest  sites  and  do  not 
harm  wildlife,  injections  might  be  made  in  un- 
cut stands  and  during  lumbering  operations  to 
increase  snag  density. 
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Frill  girdling  of  trees  and  inoculation 
with  sap  rots  may  be  an  alternative  method  of 
eliminating  unwanted  trees  and  making  nest 
sites . 

Artificial  nest  sites  might  be  produced 
even  more  rapidly  through  a  technique  suggest- 
ed by  Affeltranger  (in  Thompson  (ed.)  1971). 
Trees  could  be  bored  and  possibly  inoculated 
with  an  appropriate  species  of  fungus  at 
heights  and  positions  where  woodpeckers  nor- 
mally excavate  nest  cavities  (Table  2).   Con- 
sideration must  be  given  to  the  orientation  of 
woodpecker  nest  entrances  (Burns  1900;  Bent 
1939;  Lawrence  1966;  Dennis  1969,  1971;  Baker 
in  Thompson  (ed.)  1971;  Kilham  19  71;  Reller 
1972;  Conner  1975;  Inouye  1976;  Conner  1977). 
Bore  holes  should  be  placed  on  the  underside 
of  leaning  trees  so  that  the  openings  point  10 
degrees  below  the  horizontal  (Conner  1975) . 
The  preference  of  individual  woodpecker  species 
for  either  live  or  dead  sections  of  trees  as 
nest  sites  must  also  be  considered  (Table  2) . 


6.  Pending  results  from  further  research, 
bore  holes  in  suitably  sized  trees  and  inocu- 
late with  a  suitable  heart  rot  fungus.   (Local 
bird  clubs  could  help  in  this  management 
practice. ) 

7.  When  managing  for  individual  species, 
be  aware  of  specific  nesting  habitat  (basal 
area,  vegetation  density,  etc.)  and  nest  tree 
requirements,  i.e.,  living,  dead,  top  broken 
off,  etc.   (See  references  for  individual 
cavity  nesting  species,  Table  1). 


RESEARCH  NEEDED 

Further  research  is  needed  on  the  follow- 
ing subjects  before  snag  management  for  cavity 
nesters  can  be  optimized: 

1.   Determine  the  fungi  species  responsi- 
ble for  producing  suitably  decayed  nest  trees 
in  southern  forests. 


The  general  habitat  requirements  of 
cavity  nesters  should  be  considered  when  arti- 
ficially creating  nest  trees.   Treated  trees 
should  be  located  in  habitats  with  basal  areas, 
vegetation  densities  and  heights,  etc.,  that 
are  acceptable  for  a  particular  cavity  nester 
(See  references  in  Table  1) . 


MANAGEMENT  RECOMMENDATIONS 

If  forest  management  is  to  favor  nest 
sites  for  cavity  nesters,  the  following  recom- 
mendations can  be  employed: 

1.  If  timber  on  an  area  is  to  be  har- 
vested, increase  silvicultural  rotation  times 
to  a  minimum  of  100  years  for  most  cavity 
nesters,  and  to  150  years  for  the  pileated 
woodpecker  (benefits  forest  cavity  nesters). 
(Note — total  habitat  requirements  of  individual 
species  must  also  be  considered.) 

2.  When  harvesting  timber  leave  a  suf- 
ficient number  of  suitable  snags  for  present 
and  future  use  by  cavity  nesters  (See  Bull 
and  Meslow  1977)  (optimizes  open  area  cavity 
nesters) . 

3.  If  timber  is  not  to  be  harvested, 
manage  the  area  as  wilderness  (optimizes 
mature  forest  cavity  nesters) . 

4.  Discontinue  removal  of  dead,  dying, 
and  decayed  trees  for  use  as  materials  or 
firewood  in  areas  where  nest  cavity  sites  are 
limited. 

5.  Create  suitable  nest  sites  by  frill 
girdling  trees  and  inoculating  them  with  sap 
rots. 


2.  Investigate  the  utility  of  silvicide 
injection  and  frill  girdling  as  methods  of 
producing  suitably  decayed  trees  for  cavity 
nesters.   The  effect  of  silvicides  on  fungal 
heart  rots,  insects,  wildlife,  and  the  eco- 
system must  be  determined. 

3.  Determine  the  time  period  necessary 
for  each  particular  sap  and  heart  rot  species 
to  invade  and  suitably  infect  different  tree 
species.   (See  Toole  (1959),  butt  rot  invasion 
sequence  versus  time.) 

A.   Determine  the  effectiveness  of  bore 
holes  and  subsequent  inoculations  with  an  ap- 
propriate fungi  species  for  artificially 
creating  suitable  nest  trees. 

5.   Determine  how  long  snags  of  various 
tree  species  will  remain  standing. 
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Abstract. — Interest  in  raptors  and  their  preservation 
has  resulted  in  state  and  federal  laws  protecting  them  from 
trapping,  shooting  and  poisoning.   While  jiiany  of  man's  ac- 
tivities are  destructive,  some  can  be  modified  to  lessen 
their  impact  on  raptors. 


INTRODUCTION 

Until  recent  times,  the  white  man  has 
considered  all  raptors  vermin  and  they  were 
shot,  trapped  and  poisoned.   This  persecu- 
tion resulted  from  competition  with  man 
for  prey  species  and  from  occasional  forays 
into  domestic  birds  and  animals.   As  more 
information  on  the  predator-prey  relation- 
ship was  disseminated,  the  farmer  and 
the  hunter  slowly  changed.   The  crash  in 
the  population  of  many  hawks  due  to  the 
widespread  use  of  toxic  insecticides  in 
the  UO's  and  50 's  attracted  the  attention 
of  bird  fanciers,  biologists  and  other 
groups.   Consequently,  state  and  federal 
laws  were  passed  protecting  raptors. 

The  goal  of  raptor  management  is 
difficult  to  define.   It  has  been 
characterized  as  having  three  points  of 
view:   economic,  recreational  and 
scientific  (Snyder  1975).   In  the  Southeast, 
most  poultry  is  raised  under  cover  and 
direct  losses  to  farmers  are  slight.   Com- 
mercial shooting  preserves,  however,  may 
have  serious  problems  with  individual 
red-tails  and  Cooper's  hawks.   Most  impor- 
tant are  the  economics  of  preserving 
habitat  threatened  by  developers.   Rec- 
reation needs  vary,  with  nature  enthusiasts 
wanting  many  species  in  a  natural  setting 
while  falconers  are  primarily  interested  in 
the  larger  accipiters,  buteos  and  falcons. 


With  a  few  exceptions,  management  has 
consisted  mostly  of  protection  from  shoot- 
ing, disturbance  and  poisons.   In  many  cases 
this  protection  is  sufficient  to  sustain  a 
viable  population.   More  comprehensive  manage- 
ment strategies  have  been  developed  for  the 
bald  eagle  (Mathieson  et.  al.  1977)  and  the 
peregrine  falcon  (Cade  1975a).  A  proposal 
for  saving  an  endangered  or  threatened  pop- 
ulation has  been  developed  (Olendorff  and 
Stoddart  197^0. 

The  management  of  raptors  sometimes 
seems  futile  due  to  their  mobility.   If  con- 
ditions are  unsuitable  in  one  place,  they 
simply  move  until  they  find  what  they  need. 
However,  manipiilation  of  habitat,  urban 
growth  and  other  activities  of  man  have  re- 
duced the  total  habitat.   The  more  adaptable 
red-tailed  hawk  has  not  been  affected  as  much 
as  the  less  adaptable  bald  eagle.   The  bird 
hawks  (peregrine  falcon.  Cooper's  and  sharp- 
shin  hawk)  have  suffered  heavy  losses  due  to 
the  ingestion  of  toxic  chemicals. 


MAN'S  IMPACT  ON  RAPTORS 

Some  species  of  raptor  is  fotind  in  almost 
all  situations,  including  the  center  of  large 
cities.  The  impact  of  man's  activities  on 
raptors  results  from — 


— timber  management 
— shooting 


1_/Paper  presented  at  the  workshop 
on  Management  of  Southern  Forests  for 
Nongame  Birds,  Atlanta,  Georgia, 
January  2U-26,  1978. 

2_/Wildlife  Section  Head,  Southern 
Region,  U.  S.  Forest  Service,  1720 
Peachtree  Street,  N.  W. ,  Atlanta, 
Georgia  30309. 


— pollution  of  water,  damming, 
channelization 

— urban  sprawl 

— pesticides 

— falconry 
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Timber  Msmagement 

Timber  management  may  damage  or  enhance 
habitat,  depending  on  the  type  of  cut  and  the 
raptor.   A  newly  cut  timber  stand  is  rich  in 
passerines  (Hooper  196?)  and  small  mammals 
and  attracts  the  accipiters  and  buteos.   How- 
ever, most  buteos  and  owls  need  large,  mature 
trees  for  nesting  and  perching.   Screech  owls 
and  kestrels  nest  in  tree  hollows,  usually 
found  in  matxxre  or  overmature  timber.  A  num- 
ber of  safeguards  can  be  built  into  timber 
sale  operations  to  protect  raptors  and  main- 
tain suitable  habitat. 

When  a  stand  of  timber  is  regenerated  or 
has  an  intermediate  cut,  all  known  active 
hawk  and  owl  nests  should  be  tied  into  a 
special  zone  such  as  a  water  influence  zone 
or  into  a  clump  of  trees  being  retained  for 
future  den  trees.   If  any  of  the  historical 
peregrine  falcon  eyries  become  active,  timber 
operations  should  be  stopped  within  1/2  mile 
of  the  base  of  the  cliff  during  the  nesting 
period  of  March  1  through  June  30.   Special 
considerations  are  unnecessary  when  eyries  are 
inactive.   To  encourage  raptors,  at  least  one 
perch  tree  for  hunting  should  be  retained  in 
each  5  acres  of  cutover  area.   Preferably  this 
will  be  a  den  tree.   In  stands  where  pre- 
scribed burning  may  be  practiced,  a  large 
healthy  pine  should  be  retained.  With  most 
agencies  and  many  commercial  timber  managers, 
it  is  customary  to  leave  strips  of  trees 
along  streams  and  lakes.   The  larger  trees  in 
these  strips  are  important  for  eagle  and 
osprey  nesting.  As  large  dens  develop  slowly 
and  are  critical  to  some  of  the  owls,  all  den 
trees  with  an  opening  of  5"  or  over  should  be 
retained,  regardless  of  location. 

A  balance  of  age  classes  and  timber  types 
with  good  dispersion  of  both  will  provide 
habitat  for  many  raptors.   Pure  stands  of  pine 
provide  very  little  for  raptors  so  both  upland 
hardwoods  and  bottomland  hardwood  stringers 
are  needed.  An  exception  is  newly  thinned 
and  burned  pine  stands  which  are  known  to  be 
used  by  golden  eagles.   In  site  preparation 
prior  to  seeding  or  planting,  den  and  perch 
trees,  buffer  zones  and  other  key  areas  must 
be  protected.   In  planted  pine  stands,  wider 
planting  intervals  are  preferred  because  the 
grass  and  forbs  growing  between  rows  provide 
better  habitat  for  small  mammals. 


present  level  or  reduced.  Any  cutting  will 
be  by  the  selection  method.  Activities  such 
as  timber  harvesting,  cultural  improvements 
and  road  construction  will  not  be  conducted 
within  one-half  mile  of  nests  during  the  time 
of  egg  laying,  incubation  and  the  first  month 
after  hatching  (Chamberlain  197^+). 

Shooting 

While  most  raptors  are  protected  by  both 
state  and  federal  law,  many  are  still  crippled 
and  killed  by  gunshots  each  year.   The  Eagle 
Rehabilitation  Center  at  Auburn  University 
received  5  crippled  eagles  in  1977.   Gen- 
erally crippled  birds  are  picked  up  by  state 
or  federal  law-enforcement  personnel  and 
taken  to  a  veterinarian  or  falconer  who  is 
interested  and  has  a  permit  for  rehabili- 
tation.  No  one  knows  how  many  are  shot  and 
left.   There  is  no  question  though,  that 
shooting  is  on  the  decline  due  to  law  en- 
forcement and  education. 

There  are  many  individuals ,  including 
veterinarians,  who  are  interested  in  re- 
habilitating raptors.   In  some  cases,  the 
bird  can  be  returned  to  the  wild.   Dis- 
position of  the  others  which  are  perma- 
nently crippled  from  gunshot  wounds  is  a 
problem.   Most  zoos  and  museums  have  all 
they  want  and  some  of  these  voliinteers 
find  themselves  keeping  5  or  6  hawks  and 
owls  on  a  permanent  basis.   Euthanasia  is 
the  only  practical  solution  but  is  very 
distasteful.   Rehabilitating  the  more 
common  hawks  and  owls  is  not  really  prac- 
tical, but  human  nature  being  what  it  is, 
these  efforts  will  continue. 

Water  Pollution  t.nd  Channelization 

Water  pollution,  channelization  and 
dredging  affects  both  eagles  and  ospreys  by 
reducing  the  supply  of  fish.   Studies  have 
shown  a  reduction  of  68^  of  the  fish  pop- 
ulation in  channelized  streams  (Tarplee, 
Louder,  Weber  1971).   Investigations  have 
also  shown  that  fish  from  polluted  waters 
introduce  toxic  chemicals  into  these  birds 
(Anonymous  1970).  Dredging  and  thermal 
pollution  also  have  far  reaching  effects 
in  reducing  the  fish  population  (Smith 
1971).   Manmade  reservoirs,  however,  may  con- 
tribute to  the  habitat  of  ospreys  and  eagles. 


Bald  eagle  nesting  sites  require  pro- 
tection.  In  the  absence  of  a  survey  of 
territory  size,  a  tentative  area  of  120  acres 
has  been  assumed  on  Southern  Forests  (U.  S. 
Forest  Service  197^).  Within  this  zone,  land 
use  practices  that  alter  habitat  are  pro- 
hibited. Disturbance  will  be  held  to  the 


Urban  Sprawl 

The  preemption  of  forests  and  fields 
for  factories  and  subdivisions  has  caused 
problems  for  many  raptors  as  it  reduces 
their  total  habitat.   On  the  other  hand, 
the  interstate  system  that  has  accompanied 
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this  development  has  improved  conditions 
for  the  red-tailed  hawk.   The  seeded  cuts 
and  fills  are  prime  habitat  for  cotton  rats 
and  other  small  mammals  and  few  people  will 
shoot  from  or  across  an  interstate.   Here 
in  Georgia,  a  wintering  red-tail  for  each 
linear  mile  of  interstate  has  heen  noted 
often.   Conversely,  screech  and  barred  owls 
seem  particularly  susceptible  to  being 
struck  by  automobiles . 

Pesticides 

There  has  been  so  much  written  about 
the  effects  of  the  toxic  chemicals  on  raptors 
that  this  paper  will  not  discuss  this  in  de- 
tail. Although  DDT  is  no  longer  used  in 
this  country,  it  is  still  a  threat  as  it  is 
widely  used  in  South  America  and  wintering 
raptors  ingest  these  poisons  with  their 
prey  (Lincer,  Sherburne  197'+).  A  further 
threat  is  the  return  to  North  America  of 
prey  species  which  carry  heavy  concentra- 
tions of  these  dangerous  chemicals.   How- 
ever, the  problem  doesn't  seem  as  serious  as 
it  was  when  these  poisons  were  used  in  the 
Continental  United  States.   The  number  of 
immature  arctic  peregrine  falcons  seen  and 
banded  has  remained  static  for  the  last  5 
years,  indicating  good  reproduction. 

Falconry 

The  number  of  raptors  taken  by  fal- 
coners is  insignificant.   The  birds  kept 
are  marked  and  replacements  are  closely 
monitored.   To  illustrate  the  extent  of 
falconry  in  the  Southeast,  South  Carolina 
has  3  registered  falconers,  Georgia  has  12, 
Alabama  has  3,  and  the  practice  is  illegal 
in  North  Carolina.   No  falconer  is  permitted 
to  keep  more  than  3  birds  and  only  immature 
birds  may  be  trapped.   There  is  much  inter- 
est in  captive  breeding  of  hawks  and  falcons 
for  use  by  falconers.   The  drain  on  wild 
birds  is  quite  small. 


ENDANGERED  SPECIES 


crease  in  number  of  nests  and  number  of 
young  birds  fledged  since  1972. 


DIRECT  HABITAT  IMPROVEIffiNT 

Little  has  been  done  in  the  Southeast 
that  can  be  defined  as  a  direct  habitat  im- 
provement.  For  many  years  there  has  been  a 
wintering  population  of  1*  to  6  golden  eagles 
in  the  high  plateau  along  the  Blue  Ridge 
Parkway"  on  the  Pisgah  National  Forest  in 
North  Carolina.  The  area  is  open  country  with 
scattered  shrubs  and  trees  and  abundant  cotton- 
tail rabbits  and  other  small  mammals.  Each  ' 
year  a  part  of  this  land  is  burned  to  retain 
the  old-field  stage  of  succession.   This  both 
perpetuates  the  large  mammal  population  and 
keeps  it  open  enough  for  eagles  to  maneuver. 

Studies  are  also  being  made  on  the  practi- 
cality of  creating  tree  dens  in  pole  size  tim- 
ber with  the  use  of  a  power  drill.  The  prem- 
ise is  that  dens  started  in  young  trees  will 
be  large  enough  for  raptors  and  other  den 
dwellers  when  the  trees  are  60  or  70  years  of 
age.   Natural  large  dens  take  much  longer  to 
develop.   Artificial  nest  boxes  have  been 
successfully  used  by  kestrels  (Heimmerstrom, 
Hammerstrom,  Hart  1973)  and  screech  owls. 
Plans  exist  for  reestablishing  peregrine  fal- 
cons on  historical  eyries  in  the  Southern 
Appalachians  (Cade  1975a).   Conceivably  new 
artificial  eyries  may  be  created  in  suitable 
habitat  where  cliff  faces  do  not  provide 
natural  ledges. 

For  several  years,  a  pair  of  golden 
eagles  has  wintered  on  the  Lake  Burton  Game 
Management  Area  on  the  Chattahoochee  National 
Forest  in  North  Georgia  where  they  are  sus- 
tained on  the  carcasses  of  deer  killed  il- 
legally or  accidentally  and  gathered  by  the 
Game  and  Fish  Commission. 

Artificial  nest  structures  have  been 
erected  for  osprey  use  but  without  success  in 
North  Carolina  and  Florida. 


Endangered  raptors  in  the  Southeast 
are  the  southern  bald  eagle  and  the  eastern 
and  arctic  peregrine  falcons.   Other  than 
captive  birds  in  breeding  projects,  the 
eastern  peregrine  is  apparently  no  longer 
present  as  a  breeding  population.   The  arctic 
peregrine  is  observed  in  large  numbers  in  its 
fall  migration  down  the  Atlantic  coast  and 
in  lesser  numbers  throughout  the  East.  A 
breeding  bird  census  of  ospreys  and  bald 
eagles  taken  annually  on  Southern  National 
Forests  and  adjoining  lands  shows  an  in- 


SUMMARY 

Raptor  management  is  new  and  few  proven 
practices  are  known  which  result  in  increased 
populations. 

Raptors  have  been  impacted  for  many  years 
by  the  activities  of  man  resulting  in  death 
due  to  shooting,  poisoning  and  reduction  of 
habitat  and  prey  base.  Timber  management  de- 
creases habitat  for  some  raptors  and  creates 
it  for  others.  Modifications  of  timber  oper- 
ations can  lessen  this  impact.  Shooting  and 
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pesticides  poisoning  have  decreased  although 
too  late  for  the  eastern  peregrine  falcon. 
The  banning  of  toxic  pesticides,  protection 
against  shooting  and  education  has  resulted 
in  stable  and  increasing  populations  of  some 
raptors. 
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COMMON  NAME 
Arctic  Peregrine  Falcon 

Barn  Owl 

Barred  Owl  (Northern) 

Barred  Owl  (Florida) 
Black  Vulture 
Broadwinged  Hawk 
Burrowing  Owl  (Florida) 
Cooper's  Hawk 

Everglade  Kite 
Golden  Eagle 

Great  Horned  Owl 

Marsh  Hawk 
Mississippi  Kite 

Osprey 
Pigeon  Hawk 

Red-tailed  Hawk 

Red-shouldered  Hawk 
Screech  Owl  (Eastern) 


COMMON  SOUTHEASTERN  RAPTORS 
ZOOLOGICAL  NAME 
Falco  peregrinus  tundrius 

Tyto  alba  pratincola 
Strix  varia  varia 

Strix  varia  alleni         .' 
Coragyps  atratus 
Buteo  platypterus 
Speotyto  cunicularia 
Accipiter  cooperi 

Rostrhamus  sociabilis 
Aquila  chrysaetos  canadensis 

Bubo  virginianus 

Circus  cyaneus  hudsonia 
Ictinia  misisippiensis 

Pandion  haliaetus  carolinesis 
Falco  columbaris 

Buteo  jamaicensis 

Buteo  lineatus 
Otus  asio 


1/ 

HABITAT 

Migrant  and  occasional  winter 
resident  along  all  coast 

Fields  and  sparse  woods 

Oak-pine,  oak-hickory, 
oak-gum-cypress,  white-red- 
jack  pine,  maple-beech-birch 

Palmetto  hammocks 
oak-g\Hn-cypress 

Not  restricted  to  any  timber 
type 

Oak-hickory,  oak-pine,  oak- 
gum-cypress,  maple-beech-birch 

Prairies  of  central  and  south 
Florida 

Broken  woodlands  of  oak- 
hickory,  oak-pine,  white-red- 
jack  pine,  maple-beech-birch 

Swamps  and  marshes  of  Florida 

Winter  resident,  may  be  found 
in  all  types 

Oak-hickory,  oak  pine,  oak- 
gum-cypress,  maple-beech-birch, 
white-red- jack  pine,  spruce- 
fir 

Marshes,  fields  and  meadows 
including  coastal  areas 

Open  areas  in  lowlands,  oak- 
gum-cypress,  longleaf-slash 
pine 

Around  lakes  and  reservoirs 
throughout  Southeast 

Migrant  and  occasional  winter 
resident  throughout  Southeast 
including  coastal  areas 

Field  borders,  oak-hickory, 
oak-pine 

Oak-gum-cypress,  Oak-hickory 

Fields  and  broken  woodland 
oak-hickory,  oak-pine,  maple- 
beech-birch 
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Screech  Owl  (Florida)        Otus  asio  floridanus 


Sharpshinned  Hawk 


Accipiter  striatus 


Penins\ilar  Florida,  oak- 
hickory,  oak-gum-cypress, 
longleaf-slash  pine 

Broken  woodland,  oak-hickory, 
oak-pine,  oak-gum-cypress, 
maple,  beech-birch,  spruce- 
fir 


Shorteared  Owl 


Asio  flammeus 


Fields,  meadows,  cut  over 
areas  in  winter 


Sparrow  Hawk 


Flaco  sparverius 


Fields,  meadows,  coastal 
areas 


Southern  Bald  Eagle 


Haliaeetus  leucocephalus 


Coast  and  inland  waters, 
nests  in  large  pines 


Swallow-tailed  Kite 


Elanoides  forficatus 


Marshes  and  swamps,  oak-gum- 
cypress 


Turkey  Vulture 


Cathartes  aura 


Not  restricted  to  any  timber 
type 


1/Timber  types  from  National  Atlas,  USGS,  1970. 
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Wading  Birds  and  Wetlands  Management 


Mary  C.  Landin 


1/ 


Abstract. — Management  of  wetlands  for  wading  birds  is 
a  little  known  research  area.   Prior  research  has  primarily 
been  directed  toward  estuarine  and  coastal  areas.   Fresh- 
water wetlands  in  the  Southern  United  States  have  declined 
dramatically  in  the  past  150  years,  as  have  populations  of 
the  bird  species  dependent  upon  those  areas  for  habitat. 
Human  recreational  activities,  fill  and  drain  efforts, 
channelization,  and  dredging  are  primary  causes  of  wetlands 
decline.   Pesticides  and  poor  water  quality  as  well  as  the 
forementloned  factors  contributed  to  the  decimation  of  bird 
populations.   Habitat  development  and  management  practices 
would  benefit  all  marsh  users  as  well  as  the  27  species  of 
wading  bird  species  discussed.   Five  management  techniques 
are  set  forth:  (1)  preservation  and  management  of  all 
existing  wetlands;  (2)  creation  of  new  wetlands  areas; 

(3)  expansion  of  some  temporary  wetlands  to  permanent  areas; 

(4)  maintenance  of  high  water  quality;  (5)  year-round  pro- 
tection of  wetlands  areas  from  humans  and  predators. 


INTRODUCTION 

Management  of  wetlands  for  wading  birds 
is  a  little  known  research  area  which  has 
historically  not  been  given  much  consideration. 
This  is  especially  true  in  freshwater  wetlands, 
although  research  efforts  have  been  made  con- 
cerning protection  and  development  of  habitat 
in  coastal  areas  by  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES),  the  U.  S. 
Fish  and  Wildlife  Service  (USFWS),  the  National 
Oceanic  Atmospheric  Administration  (NOAA) 
through  the  Sea  Grant  Program,  the  National 
Park  Service,  the  National  Audubon  Society,  and 
to  a  limited  degree,  some  state  conservation 
agencies,  and  private  citizens. 

Past  and  present  research  by  these 
agencies  or  groups  have  been  tailored  to  meet 
the  needs  of  each  agency.   The  WES  studies  are 
nation-wide  efforts  to  determine  the  extent  of 
use  (nesting,  loafing/roosting,  and  feeding) 
of  dredged  material  islands  by  colonial  nesting 
sea  and  wading  birds  throughout  the  United 
States  coastal,  riverine  and  Great  Lakes  water- 
ways.  Their  objective  is  the  establishment  of 
guidelines  for  management  and  development  of 
these  2000+  Corps-made  islands  (Landin  and 
Soots  1977). 


1^/  Biologist,  Environmental  Effects  Labora- 
tory, Waterways  Experiment  Station,  P.  0.  Box 
631,  Vicksburg,  Miss.   39180. 


The  USFWS  Coastal  Ecosystems  Team  is 
presently  making  a  survey  of  Eastern  and  Gulf 
Coast  colonies  of  wading  birds  with  the  inten- 
tion of  mapping  these  colony  locations 
(Portnoy  1977,  Custer,  unpublished  data). 
Their  objective  is  to  be  better  able  to 
protect  the  colonies  through  their  refuge 
systems,  land  aquisitions,  and  other  means. 

NOAA  through  Sea  Grant  has  sponsored 
research  at  state  levels.  The  most  outstand- 
ing study  in  terms  of  wading  bird  habitat 
management  was  conducted  by  Soots  and  P;»rnell 
(1975)  in  the  North  Carolina  estuaries. 

State  efforts  have  usually  been  in  coop- 
eration with  state  universities  and  have  been 
more  localized,  site-intensive  research 
(Williams  and  Martin  1968;  Ryder  1977;  John 
Smith  1976,  Texas  Parks  and  Wildlife,  personal 
communication) . 

The  National  Park  Service  has  funded 
research  efforts  of  Buckley  and  Buckley  (1976) 
which  has  resulted  in  a  general  guidelines 
manual  for  protection  of  existing  sea  and 
wading  bird  colonies  on  the  East  Coast. 

The  National  Audubon  Society  established 
sanctuaries  for  wading  and  sea  birds  years  ago 
In  key  locations.  Most  of  their  protected 
areas  have  been  coastal  (Mills  193A,  Dunstan 
1977)  but  a  few  sites  are  inland.  These  areas 
are  generally  only  nesting/roosting  sites 
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however,  and  can  offer  no  protection  from  des- 
truction of  feeding  habitat  outside  the  sanc- 
tuaries.  Only  when  colonies  of  wading  birds 
are  established  in  large  refuges  with  accom- 
panying wetlands  to  ensure  feeding  habitat  are 
they  a  successful  and  continuing  entity. 


HISTORIC  REVIEW 

One  hundred  fifty  years  ago,  before  the 
intensive  efforts  to  fill,  drain,  or  dredge 
the  wetlands  and  waterways,  there  existed  in 
the  interior  Southeastern  United  States  large 
expanses  of  freshwater  swamps  and  marshes  such 
as  the  Big  Cypress  and  the  Everglades  in 
Florida;  the  Great  Dismal  Swamp  of  Viginia; 
Grand  Bay,  Okefenokee  and  Altamaha  Swamps  in 
Georgia;  White  River  Bottoms,  Swan  Lake,  and 
Slovac  Thicket  in  Arkansas;  I 'On  Swamp  in 
South  Carolina;  Reelfoot  Lake  in  Tennessee; 
and  the  Tensas  Bottoms  of  Louisiana  (Goodwin 
and  Niering  1971,  Niering  1966).   These  areas 
still  exist  today  on  a  much  reduced,  altered 
scale.   However,  there  had  also  been  numerous 
other  smaller  wetlands  scattered  throughout 
the  South  that  have  totally  disappeared  through 
fill  and  drain  efforts  for  farmland  or  city 
expansion. 

These  freshwater  wetlands  had  supported  a 
large  and  varied  wildlife  population,  not  the 
least  of  which  were  tremendous  colonies  of 
eleven  species  of  herons,  egrets,  ibises,  and 
cormorants  that  nested  at  Reelfoot  Lake,  Swan 
Lake,  Okefenokee  Swamp,  the  Everglades  and  other 
suitable  areas  (Audubon  194'*,  Bent  1926, 
Meanley  1972) .   In  addition,  they  provided 
habitat  for  numerous  song  birds  and  solitary 
nesting  marsh  birds  such  as  the  bitterns,  rails, 
American  coots  (Fulica  americana) ,  wood  ducks 
(Aix  sponsa),  gallinules,  limpkins  (Aramus 
guarauna) ,  sandhill  cranes  (Grus  canadensis) , 
and  marsh  wrens.   They  also  provided  resting 
and  feeding  areas  for  migratory  ducks,  geese, 
and  swans,  and  20  species  of  shorebirds  as 
they  moved  between  breeding  and  wintering 
grounds  (Errington  1966,  Niering  1966). 

Since  the  18th  century  man  has  ditched  and 
attempted  to  drain  wetlands,  and  since  the 
1930 's  has  succeeded  in  draining  for  agricultural 
use  in  the  South  alone  some  20-30  million 
hectares  (Stransky  and  Halls  1967) .   Thousands 
of  wetland  hectares  have  been  inundated  by 
reservoirs.   Along  with  the  drastic  diminishing 
of  Southern  wetlands,  populations  of  marsh 
birds  declined  as  well  (Bent  1926,  Meanley  1972). 
Some  bird  species  whose  ranges  and  occurrances 
were  reported  by  Audubon  (1944)  and  Bent  (1926) 
are  now  listed  as  extinct  or  endangered  through- 
out much  of  their  former  range  and  other 
species'  ranges  have  been  drastically  reduced 
(Meanley  197  2;  USDI  1977). 


Our  present  day  Southern  interior  wetlands 
consist  of  isolated  pockets  of  swamps  and 
river  bottoms  that  could  not  be  drained  for 
agriculture  by  ditching  or  stream  channeliza- 
tion.  Channelization  was  even  more  detrimental 
to  wetlands  than  mere  ditching  (Wharton  1970) 
because  the  destruction  and  restructuring  of  a 
biotic  community  occurred  when  streams  were 
straightened  and  cut  clean  of  protective  vege- 
tation (Alexander  1963) .   If  any  thought  to 
wildlife  was  given  in  prior  channelization 
practices,  it  was  to  game  fish  populations.   No 
consideration  to  water  quality  nor  non-game 
wildlife  was  given  and  as  Russell  (1966) 
pointed  out,  wildlife  is  now  suffering  the  con- 
sequences of  this  lack  of  thought.   He  suggests 
that  laws  be  enacted  requiring  a  17-meter  buffer 
zone  between  all  streams  and  waterways  and 
agricultural  and  forestry  operations.   This 
would  provide  for  cleaner  water,  and  more  and 
better  habitat  for  both  fish  and  wildlife  pop- 
ulations. 

Dredging  of  waterways  have  had  an  effect 
on  declines  in  inland  wading  bird  populations 
by  the  increase  in  turbidity  of  water  (USAEDSL 
1975) .   Water  turbidity  and  quality  are  key 
factors  in  declines,  since  wading  birds  are 
visual  fish-eaters,  and  must  be  able  to  see 
their  prey. 

Another  very  important  practice  in  the 
South  is  the  heavy  use  of  pesticides  on  agri- 
cultural crops.   Residues  from  fields  wash  and    , 
leach  into  lakes,  streams,  and  wetlands,  and      I 
contaminate  these  areas.   These  areas  have 
become  sinks  for  these  contaminants,  unsafe  for 
fishing,  boating,  and  swimming;  and  in  some       i 
areas  these  activities  have  been  prohibited       I 
temporarily  (the  Mississippi  Delta  oxbow  lakes 
are  examples  of  this) .   The  most  visible 
evidence  of  problems  with  pesticide  and  fer- 
tilizer contamination  is  fish  kills  and  deple- 
tion of  game  fish  species.   Less  apparent  but 
just  as  deadly  is  the  biomagnif ication 
resulting  from  continued  use  by  fish-eating 
birds  of  the  contaminated  fish  sources.   Numer- 
ous cases  of  popu]ation  decline  of  bald  eagles 
Crialiaeetus  leucocephalus) ,  ospreys  (Pandion 
haliaetus) ,  other  raptors,  and  wading  and  sea 
birds  have  been  noted  by  many  authors  due  to 
eggshell  thinning  from  contamination  which 
results  in  unsuccessful  nesting  attempts.   In- 
deed, even  though  its  use  has  been  banned  for 
several  years,  the  continued  spector  of  DDT/DDE 
contamination  haunts  our  Southland  and  other 
heavily  agricultural  areas. 

Forest  harvest  practices  in  the  past, 
although  not  having  the  wide-reaching  effects 
of  agronomic  practices,  have  also  played  a  role 
in  wildlife  population  declines  (Clawson  1975)  . 
Clear  cutting,  which  allows  greater  erosion  and 
stream  pollution  unless  carefully  managed,  has 
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contributed  to  the  problem.   Stream  bank  cut- 
ting and  ditching  to  drain  hardwood  bottom- 
lands and  bald  cypress  (Taxodium  distichum) 
stands  for  forestry  equipment  access  have 
changed  stream  temperatures,  ground  water 
levels,  sediment  and  chemical  loads  in  streams 
(Clawson  1975). 

Urban  and  industrial  development  cannot 
escape  blame  in  the  decline  in  wading/marsh 
bird  populations.   As  the  human  population 
has  grown,  pressures  from  industrial  sites  and 
their  wastes,  human  recreation  activities 
(boating,  fishing,  hunting,  and  even  bird- 
watching),  human  housing  needs,  and  other  uses 
generally  termed  as  "progressive"  in  our  eyes, 
have  all  contributed  to  disruption  of  life 
cycles  and  destruction  of  habitat  necessary 
for  birds'  survival. 


HABITAT  REQUIREMENTS 

Life  requirements  of  the  six  major  bird 
groups  using  southern  wetlands  are  quite 
different  (Robbins  et  al.  1966).   These  six 
groups  are:   1)  migrating  and  overwintering 
shorebirds;  2)  migrating  and  overwintering 
waterfowl,  including  the  resident  wood  ducks 
and  hooded  mergansers  (Lophodytes  cucullatus) ; 

3)  the  fish-eating  raptors  that  generally 
overwinter,  although  some  nesting  still  occurs; 

4)  the  wetland  nesting  and  feeding  passerines, 
woodpeckers,  and  belted  kingfishers 
(Megaceryle  alcyon) ;  5)  the  solitary  nesting 
rails,  gallinules,  coots,  limpkins,  sandhill 
cranes,  and  bitterns;  and  6)  the  colonial 
nesting  herons,  egrets,  ibises,  and  cormorants. 
For  the  purposes  of  this  paper  only  Groups  5 
and  6  which  include  27  species  (Table  1)  will 
be  considered  and  discussed,  although  in 
general  any  habitat  preservation  or  development 
will  help  all  wetlands  users. 


Colonial  Nesters 

Nesting  Requirements 

Colonial  nesting  wading  bird  species 
generally  require  a  tree-shrub  nesting  sub- 
strate, although  in  Texas  they  have  been  known 
to  nest  on  the  ground  as  well  as  in  shrubs  and 
trees  (Chaney  et  al.  1977).   All  of  the  species 
listed  on  Table  1  will  nest  together  in  mixed 
colonies  in  varying  percentages  although  some 
pure  colonies  of  great  blue  herons  (Ardea 
herodias)  do  occur  in  inland  areas  (Thompson 
1977).   Chaney  et  al.  (1977)  noted  as  many  as 
eight  species  nesting  together.   Meanley  (1956 
and  1972)  reported  a  colony  of  little  blue 
herons  (Florida  caerulea) ,  snowy  egrets 
(Leucophoyx  thula) ,  great  egrets  (Casmerodius 
albus) ,  green  herons  (Butorides  virescens) , 
and  anhlngas  (Anhinga  anhinga)  nesting  at 


Table  1 

Wading  bird  species  that  use  freshwater  wet- 
lands for  nesting  and/or  feeding  and  loafing. 

Colonial  Nesters 

Great  egret  (Casmerodius  a^lbus) 

Snowy  egret  CCeucophoyx  thulaT 

Great  blue  heron(Ardea  herodias) 

Little  blue  heron(Florida  caerulea) 

Green  heron (Butorides  virescens) 

Black-crowned  night  heron(Nycticorax  nycticorax) 

Yellow-crowned  night  heron (Nyctanassa  violacea) 

Wood  ibis(Mycteria  americana^) 

White-faced  ibisl(Plegadis  chih_i_) 

Glossy  ibis-'^(P_legadis  falclnellus) 

Double-crested  cormorant  (Phalacrocorax  a.u.ritu_s) 

Anhinga  (Anhin^^a  anhinga) 

White  ibis(EudociiTius  aU)us) 

Cattle  egret^(Bubulcus  ibis) 

Solitary  Nesters 

King  rail(Rallus  elegans) 
Virginia  raTTRRallus  limicola) 
Sora  (Porzana  Carolina) 
Black  rail (Laterallus  jamaicensis) 
Yellow  rail1~rCoturnicops  noveboracensis) 
Limpkin ( Ar amus  guarauna) 
Whooping  crane- (Grus  americana) 
Sandhill  crane (Grus  canadensis) 
American  cootl(Fulica  americana) 
Common  gal linule (Gall inula  chloropus) 
Purple  gallinule (Pophyrula  JJ^ai^t^ilLica^) 
American  bittern {Botaurus  lentiginosus) 
Least  bittern(Ixobrychus  exilis) 


ll   Feeding/loafing  use  only 

2/  Nesting  only species  feeds  in  upland 

areas 


Swan  Lake,  Arkansas.   Gersbacher  (1939) 
reported  large  numbers  of  great  egrets,  double- 
crested  cormorants  (Phalacrocorax  auritus) , 
great  blue  herons,  black-crowned  night  herons 
(Nycticorax  nycticorax) ,  and  anhingas  nesting 
together  at  Reelfoot  Lake  (colony  now  extinct; 
Gersbacher  1964). 

Nesting  substrate  in  Southern  freshwater 
wetlands  generally  can  be  expected  to  consist 
of  bald  cypress,  tupelo  gum  (Nyssa  aquatica) , 
swamp  privet  (Forestiera  acuminata) ,  black 
willow  (Salix  nigra) ,  button-bush 
(Cephalanthus  occidentalis)  and  other  Southern 
swamp  shrubs  and  trees  (Bent  1926;  Meanley 
1972)  .   Great  blue  herons  have  been  known  to 
nest  in  pecans  (Carya  illinoensis)  in  Texas 
(John  Smith  1976,  Texas  Parks  and  Wildlife 
Department,  personal  communication).   The  birds 
generally  will  build  their  nests  at  or  near 
the  top  of  the  canopy  at  heights  ranging  from 
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1-30  meters,  depending  on  the  nesting  substrate. 
They  select  secluded  sites  for  their  colonies 
that  offer  protection  from  predators  and 
isolation  from  humans.   Frequently  they  nest  on 
islands,  or  the  sites  will  have  insular  charac- 
teristics such  as  being  surrounded  by  impenetra- 
ble marsh  or  thickets.   They  also  usually  nest 
near  their  feeding  areas,  but  if  hard  pressed 
for  nesting  sites  they  will  select  sites  several 
miles  away.   Scharf  (1976)  reported  a  large 
colony  of  waders  which  nested  on  an  isolated 
island  in  Lake  Erie  but  that  flew  as  far  as  30 
kilometers  away  to  feed. 

Nesting  chronology  varies  with  locality, 
but  generally  begins  for  all  species  by  March 
and  all  young  have  usually  fledged  by  Sept- 
ember.  Cattle  egrets  (Bubulcus  ibis)  are  the 
latest  nesters,  will  be  the  last  species  to 
enter  a  heronry,  and  have  increased  in  popula- 
tion while  other  species  declined.   This  may  be 
attributed  to  the  fact  that  they  are  wetlands 
nesters  but  upland  feeders,  and  therefore  do  not 
suffer  the  limitations  imposed  by  diminishing 
wetlands  (Davis  1960).   Great  blue  herons  will 
nest  in  February  in  most  localities.   In  south 
Florida,  most  species  are  late  winter-early 
spring  nesters,  especially  wood  ibises 
(Mycteria  americana)  (Kushlan  1976;  Browder 
1976) .   Roosting  areas  are  usually  in  the  same 
area  as  the  nesting  colony. 


These  species  usually  begin  nesting  in 
March  and  all  young  fledge  by  August.   These 
birds  roost  in  the  same  habitat  in  which  they 
nest:   tall  marsh  grasses,  cattails,  sedges, 
and  low  shrubs. 


Feeding  Requirements 

Feeding  requirements  are  varied  for  this 
group  of  birds.   Sandhill  cranes  usually  are 
vegetarian,  consuming  marsh  vegetation  such  as 
chufa  (Cyperus  esculentus) ,  bulrush  (Scirpus 
spp.),  waterlily  (Nymphea  spp.),  and  other 
wetland  plant  leaves,  stems,  tubers,  and  seeds. 
They  do  eat  some  insects,  frogs,  snakes,  and 
toads  (Walkinshaw  1949). 

Limpkins  almost  always  only  eat  the  soft 
bodies  of  snails,  and  rails  are  solely  consum- 
ers of  insects  and  crustaceans  (Martin  et  al. 
1951) .   Gallinules  are  opportunists  and  change 
with  the  season.   In  spring  they  consume  35% 
and  in  fall  83%  plant  foods  (grasses,  millet 
(Echinochloa  spp.),  and  rice  (Oryza  sativa) . 
They  will  also  eat  aquatic  insects,  mollusks, 
and  other  insects  (Bent  1926).   All  species 
are  directly  dependent  upon  wetlands  for  their 
food  sources. 


HABITAT:   WHAT  CAN  BE  DONE 


Feeding  Requirements 

All  wading  herons,  egrets,  and  ibises  feed 
almost  solely  on  fish,  crustaceans,  amphibians, 
and  insects  (Martin  et  al.  1951).   These  birds 
were  much  persecuted  as  being  predators  of 
game  fish  until  research  (Cottam  and  Uhler 
1945)  proved  that  75%  of  their  diet  consists  of 
non- commercial  fish,  frogs,  snakes,  crayfish, 
mice,  and  similar  prey.  Obviously,  they  are 
feeders  in  an  aquatic  environment,  and  any 
decrease  in  wetlands  area  decreases  these 
species'  feeding  habitat  proportionally. 


Solitary  Nesters 

Nesting  Requirements 

Rails,  limpkins,  bitterns,  gallinules, 
coots,  and  sandhill  cranes  are  all  prone  to  nest 
in  isolated  pairs  in  tall  marsh  grasses,  cat- 
tails (Typha  latif olla) ,  and  sedges  (Bent  1926). 
They  build  their  nests  in  secluded  spots  above 
the  water  level  by  matting  together  the  vege- 
tation or  by  fastening  the  nest  to  the  stems  of 
vegetation.   They  will  also  nest  on  old  stumps, 
in  mats  of  vines,  or  low  shrubs.   They  too  will 
choose  insular  situations  for  nest  sites,  as 
this  affords  them  protection  from  predation 
and  disturbance,  but  they  hide  their  nests  care- 
fully in  comparison  to  the  colony  nesters. 


Given  the  background  of  massive,  univer- 
sal impact  on  Southern  wetlands  and  the  wild- 
life that  inhabits  them,  a  very  gloomy  picture 
emerges.   "Most  land  and  water  investments  are 
terribly  permanent.   What  is  done  cannot  be 
undone  by  us  or  our  children"  (Clawson  and  Fox 
1961) .   The  wetlands  that  have  become  agricul- 
tural lands,  reservoirs,  and  urban  sites  in 
years  past  will  undoubtedly  remain  as  they  are 
now.   Even  as  most  biologists  realize  the  vital 
need  to  protect  our  remaining  wetlands, 
pressures  from  both  private  and  public  sources 
to  alter  our  wetlands  are  still  felt.   In 
Mississippi  less  than  five  percent  of  the  pro- 
ductive hardwood  bottomlands  in  the  Delta  area 
remains,  yet  private  land  owners  still  are 
draining  and  clearing  as  fast  as  permits  are 
available. 

Section  404  regulations  giving  the  U.  S. 
Army  Corps  of  Engineers  biologists  authority  to 
determine  wetlands  areas  before  permits  will 
be  issued  for  land  alteration  should  slow 
down  the  destruction  of  more  wetlands.   New 
guidelines  are  being  established,  and  research 
is  under  way  at  WES  to  determine  indicator 
species  and  other  identifiers  of  wetlands  and 
transition  zones  that  will  be  extremely  useful 
to  field  biologists  responsible  for  permit 
determinations . 

Where  does  the  present  situation  leave  the 


138 


wading  bird  populations  so  badly  decimated  by 
pesticides,  habitat  destruction,  and  human 
encroachment?   Remedies  are  not  fast  and  clear- 
cut.   Realistically,  the  manager  of  a  wetlands 
area  must  be  prepared  to  accept  the  fact  that 
he  cannot  expand  the  wetlands  outside  the  land 
he  can  control  (refuges,  management  areas,  game 
farms,  commercial  forest  lands).   Therefore  he 
will  have  to  settle  for  limited  results.   But 
the  cumulative  efforts  of  all  managers  could  be 
a  modest  expansion  of  wetlands  in  the  South 
that  would  increase  available  habitat  not  only 
for  the  wading  birds  in  question,  but  other 
marsh  users  such  as  the  economically  attractive 
waterfowl  species. 

Several  habitat  development  and  manage- 
ment practices  will  need  to  come  into  use  when 
consideration  is  given  to  providing  freshwater 
habitat  for  wading  birds.   First,  all  existing 
wetlands  areas  should  be  protected  and  managed 
very  carefully  to  ensure  that  their  quality  is 
not  decreased  by  pollutants  (sediments, 
chemicals,  pesticides,  excess  nutrients)  from 
outside  sources.   This  is  a  difficult  assignment, 
since  it  would  require  enforcement  of  water 
quality  standards  and  education  of  surrounding 
land  owners  as  to  proper  conservation  and 
farming  practices  to  prevent  erosion,  over- 
fertilization  and  over-spraying  of  chemicals 
and  pesticides. 

Second,  permanent  wetland  areas  should  be 
created  where  none  exists  that  meet  the  follow- 
ing requirements:   1)  varying  water  depths  with 
large  areas  of  shallow  marsh,  2)  good  water 
quality,  and  3)  year-round  protection,  especial- 
ly in  spring  and  summer.   Temporary  greentree 
reservoirs  and  flooded  fields  are  an  established 
practice  for  wintering  waterfowl.   Something  of 
this  nature  on  a  permanent  basis  is  needed  for 
wading  birds  that  will  provide  a  habitat  for  the 
prey  of  wading  birds.   The  key  here  is  to 
provide  more  feeding  habitat,  as  nesting  habitat 
has  usually  not  been  found  to  be  a  population- 
limiting  factor.   A  temporary  water-retaining 
structure  for  waterfowl  only  helps  wading 
birds  during  the  months  of  actual  flooding 
(winter).   The  rest  of  the  year,  and  especially 
during  the  critical  nesting  season  when  quality 
foods  are  needed  in  abundance,  flooded  habitat  is 
simply  not  available  to  wading  birds  in  a 
management  system  for  waterfowl. 


no  accident  or  coincidence  that  the  colonies  and 
populations  of  herons  and  egrets  decline  in  the 
Mississippi  River  system  from  north  to  south 
(Thompson  1977).   Pesticides  and  sediment  loads 
in  the  river  which  increase  as  it  flows  south- 
ward have  taken  a  deadly  toll  on  historic  pop- 
ulations. 

Finally  and  of  equal  if  not  greater  impor- 
tance, is  the  absolute  necessity  of  providing 
protection  in  wetlands  areas  from  humans  and 
predators  that  would  disturb  a  wading  bird 
colony.   Signs  prohibiting  entry  to  colony 
areas,  education  of  the  public,  fences,  and 
tough  lavjs  are  required  to  ensure  the  protec- 
tion these  species  must  have  to  exist.   Shoot- 
ing of  nesting  herons  and  egrets  occurs  for 
sport  and  for  malice,  and  must  be  controlled  by 
law  enforcement  officials. 


SUMMARY 

In  summary,  neither  wetlands  nor  wading 
bird  populations  will  ever  regain  what  has  been 
lost  to  man.   Only  by  preservation  and  manage- 
ment of  existing  wetlands  and  as  much  expansion 
as  is  possible  of  historic  wetlands  will  wading 
birds  survive  and  increase.   Pesticides,  excess 
nutrients,  and  sedimentation  have  taken  tolls 
in  bird  populations  and  disrupted  their  repro- 
ductive processes.   Human  disturbances  have 
caused  tremendous  upheavals  in  nesting  colonies. 
Five  practices  are  recommended  for  management 
of  wading  birds  in  freshwater  wetland  habitats: 

1)  All  existing  wetlands  should  be 
preserved  and  managed 

2)  New  permanent  wetland  areas  should  be 
created 

3)  Expansion  of  some  temporary  wetlands 
into  permanent  areas  on  refuges  and  management 
areas  should  be  done  as  rapidly  as  possible 

4)  High  water  quality  should  be  maintained 
in  all  wetlands  areas  to  ensure  feeding  habitat 
for  fish-eating  birds 

5)  All  areas  must  be  protected  from  humans 
and  predators  to  be  of  real  value  to  wading 
birds  year-round,  but  especially  during  the 
nesting  season  (February-September). 
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Census  Techniques  for  Forest  Birds 

Chandler  S.  Pobbins  1/ 


Abstract. — The  spot-mapping  method  is  generally  ack.nov;ledged  to  be  the  most 
dependable  of  the  several  census  methods  for  forest  birds  in  the  breeding 
season.   Transects  and  point  counts,  especially  when  well  standardized  and 
corrected  for  biases,  may  be  preferable  if  large  areas  must  be  sampled  in  a 
short  period  of  tine. 


INTRODUCTION 

With  the  increasing  emphasis  on  nongame 
birds  as  an  important  natural  resource,  forest 
managers  are  looking  for  efficient  ways  to 
document  their  populations,  for  both  research 
and  educational  purposes.   This  paper  will 
summarize  and  comment  upon  the  principal 
techniques  that  have  been  used  successfully  at 
various  seasons  of  the  year. 


CHOICE  OF  TECHNIOMEG 

Unfortunately,  there  is  no  quick  and  easy 
way  to  measure  bird  populations  in  forest 
habitats.   Indices  that  can  be  used  for 
comparing  one  plot  with  another  are  relatively 
easy  to  obtain,  but  it  is  seldom  practical  to 
attempt  an  actual  head  count  on  even  a  small 
sample  plot  of  6  to  10  hectares.   Almost  any 
attempt  to  obtain  a  population  estimate  must 
be  a  compromise  between  the  degree  of  accuracy 
sought  and  the  amount  of  time  and  trained 
personnel  available. 


CHANGIHG  POPULATIOtI 

The  average  adult  songbird  has  only  a  40% 
to  60%  probability  of  being  alive  one  year 
later.   For  young  birds,  the  likelihood  is 
considerably  less.   Thus,  bird  populations  are 
continually  changing  through  production  of 
young,  death  of  young  and  adults,  local 
wandering  in  and  out  of  study  plots,  and  for 
most  species,  migration.   Mortality  of  young 
birds  is  highest  in  their  first  one  or  two 
weeks  after  fledging.   Ilortallty  of  adult 
birds  of  most  species  is  highest  during 
migration,  or  periods  of  severe  weather,  which 
are  most  likely  to  occur  in  midwinter. 


_1/  Wildlife  Biologist  (Pesearch),  Migratory 
Bird  and  Habitat  Research  Laboratory,  U.  S. 
Fish  &  Wildlife  Service,  Laurel,  MD    20811 


OPTIMA!.  SEASONS  FOR  CENSUS ItIG 

Bird  census  work  can  be  done  with  great- 
est accuracy  during  the  peak  of  the  breeding 
season,  which  for  most  species  is  in  Hay  and 
early  June  in  the  Southeast.   At  this  time, 
most  male  birds  are  defending  territory  and 
are  strongly  attached  to  a  very  small  area  of 
a  specific  habitat  for  four  or  more  weeks. 
During  the  peak  of  the  nesting  season  most 
male  birds  are  in  song  every  day,  at  least 
during  early  morning  hours,  and  are  much  more 
easily  detected  than  later  in  the  summer.   In 
winter  and  during  the  migration  seasons,  birds 
are  much  more  mobile  and  less  attached  to  a 
specific  habitat  type. 


DOCUMENTAP.Y  STUDIES 

Any  census  work  undertaken  should  be 
initiated  with  one  or  more  particular 
objectives  in  mind.   If  one  wishes  only  to 
document  the  species  that  are  using  a  forest, 
help  can  frequently  be  enlisted  from  local 
experienced  amateurs. 

Since  I  v;ork  primarily  with  amateur  orni- 
thologists on  cooperative  programs  to  monitor 
populations,  I  naturally  think  of  the  vast 
resource  of  qualified  help  that  is  available 
to  assist  V7ith  bird  population  studies. 

For  example,  nearly  all  of  the  national 
wildlife  refuges  have  lists  of  birds  of  their 
area  that  are  available  for  free  distribution 
to  visitors.   Some  of  these  lists  \iere 
compiled  entirely  by  amateur  volunteers,  and 
in  almost  all  cases  amateurs  contributed  many 
of  the  records.   Most  of  the  national  parks 
also  have  publications  on  their  wildlife 
resources.   Comparatively  few  national,  state, 
or  other  forests,  however,  have  made  lists  of 
birds  and  other  fauna  available  to  the  public. 
I  believe  that  provision  of  such  lists  is  one 
of  the  first  steps  toward  arousing  public 
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Figure  1. — Changes  in  consuming  biomass  as  represented  by 
the  principal  bird  families  during  a  200-year  succession 
in  an  oak  forest  in  France.   From  Ferry  and  Frochot  (1970). 


interest  in  the  biological  resources  of  a 
forest.   Volunteer  cooperators  should  be  able 
to  prepare  such  lists,  and  furthermore,  assist 
later  with  quantitative  studies  of  bird 
populations . 

Parts  of  many  of  the  national  and  state 
forests  are  included  within  15-mile  diameter 
Christmas  Bird  Count  circles.   An  easy  way  to 
enlist  volunteers  to  assist  in  the  preparation 
of  a  list  of  species  for  a  specified  forest 
would  be  to  contact  the  Christmas  Count 
compiler  (whose  name  and  address  are  always 
given  in  the  published  report  in  American 
Birds)  and  get  from  him  the  name  of  the  person 
or  persons  responsible  for  covering  the 
forest.   By  asking  this  observer  to  keep  a 
separate  record  of  birds  seen  in  the  forest, 
one  can  not  only  start  to  build  up  a  file  of 
information  on  the  winter  avifauna  of  the 
forest,  but  one  can  also  generate  the  interest 
necessary  for  continued  assistance  through  all 
seasons  of  the  year.   If  help  is  needed  in 
documenting  presence  of  endangered  species, 
this  also  can  often  be  done  by  enticing 
qualified  amateurs  to  join  in  the  search. 


Hager  1960,  Michael  and  Thornburgh  1971, 
Conner  et  al.  1975,  Webb  et  al.  1977, 
Schweitzer  1978).   Such  studies  can  also  be 
used  to  document  population  changes  during 
successional  stages  (fig.  1)  or  during 
recovery  from  fire,  surface  mining,  or  other 
ecological  changes  (Johnston  and  Odum  1956, 
Ferry  and  Frochot  1970,  Hamilton  and  Noble 
1975,  Shugart  and  James  1973,  Shugart  et  al. 
1975) .   Comparative  studies  can  also  be  used 
to  assist  management  decisions.   For  example, 
one  may  wish  to  choose  among  several  areas  for 
a  particular  management  program,  or  even  for 
preservation  of  a  unique  ecosystem  such  as  to 
provide  habitat  for  a  particular  endangered  or 
threatened  species. 

Williamson  (1970),  for  example,  has  used 
spot-mapping  censuses  to  show  that  density  and 
diversity  of  bird-life  in  coniferous  planta- 
tions can  be  increased  by  providing  a  fringe 
of  deciduous  trees  or  leaving  small  "Island 
refuges"  of  scrub  or  deciduous  trees.   Such  a 
practice  might  even  provide  additional 
benefits  by  reducing  insect  damage. 


COMPARATIVE  STUDIES 

For  comparing  bird  populations  of  two  or 
more  sites,  we  must  turn  to  methods  that  will 
yield  numerical  estimates  of  bird  population, 
or  at  least  index  values.   Such  studies  would 
include  the  need  to  document  populations 
before  and  after  some  particular  management 
program,  timber  harvest  procedure,  fire, 
pesticide  treatment  or  other  event  that  might 
influence  bird  populations  (Kendeigh  1947, 


BREEDING  SEASON  TECHNIQUES 

Spot-mapping  Census 

The  spot-mapping  technique,  also  called 
the  plot  census  or,  simply,  mapping  census, 
was  first  employed  in  North  America  by 
Williams  (1936)  and  in  Sweden  by  Enemar 
(1959).   Basically,  this  technique  consists  of 
making  8  or  10  census  trips  through  a  plot  of 
known  size,  and  preferably  of  uniform  habitat, 
that  has  been  surveyed  and  mapped  with  a  grid 
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system.   On  each  visit  the  position  of  each 
bird  seen  or  heard  is  recorded  on  the  plot 
maps.   Kendeigh  (19A4),  Lack  (1937),  and 
Udvardy  (1957)  give  good  historical  accounts, 
describe  the  method  in  detail  and  include 
comprehensive  bibliographies.   An  important 
feature  of  the  spot-mapping  technique  is  to 
designate  with  appropriate  symbols  those 
individuals  of  a  species  that  are  heard 
singing  at  the  same  time  (simultaneous 
registrations).   These,  in  conjunction  with 
clusters  of  single  registrations,  make  it 
possible  to  outline  the  approximate 
territorial  limits  of  each  male  bird  and  make 
a  reasonable  estimate  of  the  total  number  of 
territorial  males  of  each  species  present  in 
the  area  (fig.  2) . 

This  technique  has  now  been  widely  adop- 
ted in  Europe  and  North  America.   Procedures 
have  been  standardized  by  the  International 
Bird  Census  Committee  (1970a, b)  so  that 
results  obtained  in  different  countries  can  be 
compared.   Spot-mapping  has  been  widely  used 
in  England  since  1962  to  monitor  bird 
population  changes  (Batten  and  Marchant 
1977a, b).   A  quantitative  description  of 
the  habitat  (James  and  Shugart  1970)  is  now  a 
standard  feature  of  many  of  the  Breeding  Bird 
Censuses  in  forest  habitats  published  in 
American  Birds. 

The  spot-mapping  method  is  the  technique 
used  by  most  census  workers  (Kendeigh  1944, 
Bond  1957,  Oelke  1974,  Yui  1974).   It  is  gen- 
erally acknowledged  to  be  the  most  accurate  of 


the  various  bird  census  methods  because:  1)  it 
gives  the  greatest  opportunity  to  record  all 
species  that  are  breeding  in  the  area,  2)  it 
most  closely  approximates  the  absolute  number 
of  breeding  pairs,  3)  there  is  a  minimum  of 
error  in  estimating  whether  the  birds  recorded 
are  within  or  outside  of  the  plot  boundaries, 
and  4)  observer  bias  is  minimized.   The  chief 
disadvantage  of  the  technique  is  the  amount  of 
time  required  to  set  up  the  plot  and  conduct  a 
minimum  of  eight  census  trips. 

Critique 

The  spot-mapping  method  is  not  without 
its  pitfalls.   Most  plots  censused  are  within 
the  6  to  20-hectare  range,  and  do  not  permit 
accurate  measurement  of  territories  of  wide- 
ranging  species.   Year-to-year  variation  in 
plots  as  small  as  6  ha  is  greatly  exaggerated 
by  birds  that  move  short  distances  into  or  out 
of  the  plot  boundaries  from  one  year  to  the 
next . 

Svensson  (1974)  had  58  persons  with 
various  levels  of  experience  estimate  breeding 
populations  using  census  maps  from  37  plots. 
He  reported  that  the  coefficient  of  variation 
ranged  from  6%  to  56%  (15  to  30%  for  most 
plots),  and  that  it  varied  among  species  (from 
16%  to  36%) .   Variability  would  have  been  less 
if  the  participants  had  had  field  experience 
in  the  plots.   Svensson  concluded  that  con- 
siderable variation  does  exist  among  persons 
in  the  evaluation  of  species  maps,  and  he 
recommends  that  when  plots  from  different 


Figure  2. — Section  of  species  map  for  Red-eyed  Vireo  at  the 
Patuxent  Wildlife  Research  Center.   Numbers  designate  the  10 
trips.   Singing  males  are  circled;  simultaneous  registrations 
are  indicated  by  pointers.   Each  square  is  1  ha. 
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habitat  types  or  different  regions  are 
compared  a  check  should  be  carried  out  on  a 
sample  of  maps  to  see  if  there  are  any 
differences  in  the  evaluation  procedures 
applied . 

Nilsson  (1977)  ,  in  an  evaluation  of  the 
mapping  method,  believed  that  more  than  10 
visits,  and  perhaps  as  many  as  20,  may  be 
required  for  accurate  censusing  of  certain 
difficult  species.   He  suggested  that  the 
number  of  visits  might  be  reduced  if  more  time 
were  spent  on  each  visit. 

Berthold  (1976)  published  a  comprehensive 
critique  of  bird  census  methods  with  emphasis 
on  the  mapping  method.   He  concluded  that 
there  are  almost  no  methodologically  perfect 
tests  of  census  methods;  that  errors  of  50%  or 
more  are  common;  and  that  although  many  errors 
and  sources  of  errors  have  been  recognized  in 
the  literature,  they  have  not  sufficiently 
been  taken  into  consideration.   He  recommended 
abandoning  relative  census  methods  in  favor  of 
more  absolute  methods,  and  he  proposed  using 
nest  finding  and  banding  to  supplement 
mapping.   He  stated  that  census  methods  should 
be  more  standardized  and  that  calculations  or 
justified  estimates  of  errors  should  be 
included  in  published  results.   A.  J.  Erskine, 
who  has  translated  Berthold 's  critique  into 
English  for  the  Canadian  Wildlife  Service 
(unpublished  manuscript),  points  out  that 
"Berthold  is  not  himself  a  worker  in  bird 
census  studies  but  rather  an  environmental 
physiologist  accustomed  to  the  careful 
regulation  of  variables  often  possible  in 
laboratory  studies.   Many  of  the  criticisms  he 
advances  are  long  familiar  to  census  workers, 
whose  experience  would  have  prevented  some  of 
the  sweeping  generalizations  in  his  review." 
Berthold  does  include  an  excellent  biblio- 
graphy, especially  of  German,  English, 
and  Scandinavian  titles. 

The  mapping  method  was  recently  criti- 
cized by  Best  (1975)  as  not  yielding  results 
that  can  be  interpreted  consistently  by 
different  experienced  observers;  but  this 
criticism  was  unfair  because  the  author 
apparently  failed  to  follow  standard  proce- 
dures and  neglected  to  obtain  data  on 
simultaneous  registrations  of  the  single 
species  considered — data  that  are  essential  to 
proper  interpretation  of  the  results. 

To  fairly  test  reliability,  different 
observers  must  do  the  field  work  as  well  as 
determine  the  number  of  territories  on  each 
map.   This  was  done  in  a  mature  floodplain 
forest  plot  at  the  Patuxent  Research  Refuge  in 
Maryland  by  Robbins  and  Bridge.   They  conducted 
independent  censuses  of  8  visits  each  in  a  AO 
ha  plot  from  15  May  to  3  June  1962.   One 
observer  censused  from  north-south  trails 


through  the  plot  while  the  other  used  east- 
west  trails.   After  making  independent 
estimates  of  the  breeding  population,  the  two 
observers  combined  their  maps  and  made  a 
revised  estimate  based  on  all  16  visits.   With 
8  visits  the  observers  had  detected  89%  and 
92%  of  the  birds  that  were  detected  on  16 
visits . 

Diehl  (1974),  who  made  27  and  21  visits, 
respectively,  to  two  grassland  plots  totaling 
43.5  ha  found  that  between  32%  and  44%  of  the 
pairs  present  were  detected  on  a  single  visit, 
and  95%  to  98%  on  one  or  more  of  10  visits. 
However,  a  great  many  of  these  birds  were 
detected  on  only  one  or  two  visits  and  would 
not  have  been  recognized  as  distinct  pairs; 
thus  while  nearly  all  of  the  pairs  had  been 
observed  and  recorded,  the  population 
estimates  from  10  visits  would  have  been  only 
53%  to  66%  of  the  number  of  pairs  present. 

Other  authors  (Davis  1965,  Jones  1974, 
Erskine  197^)  have  discussed  problems  in  using 
the  spot-mapping  technique  for  certain  species 
that  are  difficult  to  census,  such  as  those 
that  do  not  sing  regularly,  are  not  territori- 
al, or  range  over  areas  much  larger  than  the 
size  of  most  census  plots.   Nevertheless, 
spot-mapping  is  still  the  most  generally 
accepted  method  and  the  one  most  frequently 
used  to  calibrate  the  results  of  less 
time-consuming,  but  relatively  less  accurate 
methods . 

Census  Summaries 

Three  catalogs  (Erskine  1971,  1972,  1976) 
have  summarized  the  results  of  228  Breeding 
Bird  Censuses  that  have  been  conducted  in 
Canada.   Censuses  that  have  been  published 
from  1937  through  1977  in  American  Birds  have 
been  put  on  magnetic  tape  at  the  Migratory 
Bird  and  Habitat  Research  Laboratory  where 
they  provide  a  valuable  comparative  resource 
that  may  be  accessed  either  by  habitat,  by 
bird  species,  or  by  a  number  of  the  other 
variables  that  are  included  in  the  computer 
record.   This  file  presently  contains 
information  on  1,101  plots. 

Transects 

The  transect  method  involves  counting 
birds  on  one  or  both  sides  of  a  line  through 
one  or  more  habitats;  in  most  instances  either 
the  width  of  the  transect  is  defined  or  the 
distance  to  each  bird  encountered  is  estimat- 
ed.  The  transect  method  was  first  used 
extensively  in  the  United  States  in  1906-09  by 
Forbes  and  Gross  (Graber  and  Graber  1963)  and 
in  Finland  in  1941-56  by  Merikallio  (1958). 
In  both  instances,  the  transect  results  were 
used  to  estimate  total  populations  by  habitat 
for  an  entire  state  or  nation.   The  Forbes  and 
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Gross  study  was  later  repeated  by  Graber  and 
Graber  (1963)  to  show  bird  population  changes 
over  a  50-year  period. 

One  advantage  of  the  transect  method  is 
that  it  may  be  used  throughout  the  year,  but 
the  results  are  less  accurate  outside  the 
breeding  season.   Another  advantage  is  that  a 
relatively  large  area  can  be  sampled  in  a 
short  time.   Flack  (1976),  for  example,  used 
150-foot-wide  transects  to  compare  breeding 
bird  populations  in  41  aspen  forests  in  9 
western  states  and  provinces,  1966-69. 

The  chief  disadvantage  of  the  method  is 
that  a  single  coverage  of  a  transect  does  not 
permit  a  good  estimate  of  the  number  of  birds 
missed.   Anderson  and  Pospahala  (1970),  using 
data  from  1600  miles  of  transects,  generated  a 
curvilinear  (quadratic)  equation  to  show  the 
fraction  of  waterfowl  nests  missed  at  various 
distances  from  the  center  line  of  the 
transect;  but  they  pointed  out  that  to 
adequately  correct  for  the  number  of  fixed 
objects  missed  one  needs  a  large  sample  and 
one  must  also  make  the  assumption  that  all  of 
the  objects  closest  to  the  center  of  the 
transect  are  detected. 

Emlen  (1971)  also  has  considered  how  the 
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Figure  3. — Schematic  model  showing  birds 

detected  (circled  dots)  at  various  distances 
from  the  transect  (heavy  line) .   From  Emlen 
(1971). 


error  inherent  in  the  transect  count  may  be 
minimized  by  first  estimating  the  lateral 
distance  to  each  bird  encountered  (fig.  3), 
and  then  deriving  a  coefficient  of  detect- 
ability.   He  assumes  that  no  bird  close  to  the 
observer  goes  undetected.   In  actual  practice, 
the  number  of  birds  within  a  few  meters  of  the 
transect  line  that  are  undetected  may  be  quite 
large  (Jarvinen  and  Vaisanen  1975) ,  especially 
in  a  mature  forest  habitat.   Even  during  the 
height  of  the  breeding  season  there  is  an 
enormous  difference  in  singing  behavior  and 
conspicuousness  among  the  various  species.   A 
noisy,  active  species  such  as  the  Tufted 
Titmouse  may  be  recorded  on  68%  of  the  visits 
if  within  50  meters  of  the  observer,  whereas 
species  such  as  the  Ruby-throated  Hummingbird, 
Worm-eating  Warbler,  and  even  the  American 
Redstart  may  be  recorded  only  36%  to  39%  of 
the  time  (Stewart  et  al.   1952,  pp.  269-270). 
Emlen  (1977)  estimated  the  number  of 
unrecorded  males  of  common  species  by  running 
each  transect  five  times,  plotting  all  singing 
birds  on  maps,  outlining  the  territory  of 
each,  and  determining  what  European  workers 
call  the  "ef f ectivity"  of  a  single  trip  for 
each  species.   He  then  used  the  computed 
effectivity  for  correcting  his  breeding  season 
transect  results. 

The  transect  method  is  quite  effective 
for  comparing  the  abundance  of  a  given  species 
among  two  or  more  plots  of  similar  habitat. 
Also,  unless  visibility  is  strongly  influenced 
by  the  structure  of  the  habitat,  the  transect 
method  may  be  used  to  compare  abundance  of  a 
given  species  from  one  habitat  to  another.   It 
is  not,  however,  a  desirable  method  for 
comparing  abundance  of  two  species  that  may 
not  be  equally  conspicuous,  unless  appropriate 
corrections  are  made,  species  by  species. 
These  corrections  can  be  made  by  taking  a 
series  of  transect  counts  through  plots  where 
the  population  has  been  estimated  by  other 
methods  (Ferry  and  Frochot  1970) ,  Enemar  and 
Sjostrand  1970). 

Although  most  transect  workers  record 
birds  per  kilometer  (or  per  mile)  or  per 
square  kilometer  (or  per  100  acres) ,  a  few 
have  preferred  to  use  units  of  time  such  as 
birds  per  10  hours  (Colquhoun  1940) . 

Transects  are  especially  effective  along 
hedgerows  and  wood  margins  where  it  may  seem 
impractical  to  establish  mapping  plots  or  make 
point  counts.   Johnston  (1947)  did,  however, 
use  spot-mapping  in  two  isolated  woodlots  to 
compare  distribution  of  forest-edge  and 
forest-interior  species. 

The  IPA  or  Point  Count  Method 

The  IPA  (Indices  Ponctuels  d'Abondance) 
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method  was  developed  by  Ferry  and  Frochot 
(1970)  as  a  means  of  obtaining  indices  of 
abundance  for  comparing  bird  populations  of 
different  habitats  (or  of  the  same  habitat  in 
different  locations)  during  the  breeding 
season. 

The  IPA  counts  by  the  French  ornitholo- 
gists consist  of  the  establishment  of  a 
network  of  points  regularly  distributed 
through  the  habitat  to  be  studied.   The 
observer  then  stands  at  each  designated  spot 
for  20  minutes  in  the  early  morning  in  good 
weather  and  notes  all  birds  heard  and  seen. 
Each  spot  is  censused  twice  in  the  breeding 
season.   The  higher  of  the  two  counts  of  pair 
numbers  is  used  as  an  index  of  abundance  for 
each  species.   Each  singing  male,  occupied 
nest  or  family  of  birds  out  of  the  nest  counts 
as  one  pair,  while  a  bird  merely  seen  or  heard 
calling  counts  as  half  a  pair.   The  efficiency 
of  a  20-minute  stop  seems  satisfactory  to  the 
French  investigators  because  during  the  last  5 
minutes  only  3%  more  species  and  9%  more 
individuals  were  recorded  in  forest  habitats. 

Ferry  (1974)  quotes  Schwartz  (1963,  p. 
139)  as  stating  that  with  a  sample  of  30  or 
more  the  mean  may  be  compared  with  another 
number,  whatever  the  type  of  distribution. 
Thus,  it  is  possible  to  calculate  whether  the 
mean  IPA  of  a  species  is  statistically  dif- 
ferent from  zero, and  so  have  an  objective 
way  of  eliminating  species  whose  occurrence  in 
the  habitat  is  due  to  chance  or  whose  presence 
is  unimportant.   (In  actual  practice,  of 
course,  some  of  the  scarcer  species  may  be  the 
ones  most  in  need  of  .attention  from  forest 
managers.)   Ferry  (1974)  has  determined  which 
species  have  statistically  significant 
population  differences  in  two  habitats  as 
indicated  by  the  IPA  method.   He  has  then 
computed  a  percentage  of  difference  as  a  final 
comparison  of  the  two  plots.   In  this  way, 
numerical  similarity  indices  could  be  computed 
among  an  entire  matrix  of  different  plots  with 
a  minimum  of  field  work.   Ferry  also  points 
out  that  by  conducting  IPA  counts  within  a 
mapping  census  plot,  one  can  determine  the 
effectivity  of  the  IPA  method,  species  by 
species,  and  thus  obtain  correction  factors  to 
convert  indices  to  population  estimates. 

In  Denmark,  J^rgensen  (1974)  conducted  81 
IPA  censuses  on  8  mornings  from  mid-May  to 
mid-June.   The  13  1/2  hours  of  effective  field 
work  was  about  50%  less  than  would  have  been 
needed  for  covering  one  census  plot  by  the 
mapping  method.   J^rgensen  compared  the  den- 
sity of  each  species  among  different  habitats. 
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using  the  Mann-Whitney  U-test.   He  concluded 
that  the  IPA  method  was  well  suited  to  a  study 
of  forest  succession,  in  which  it  is  desired 
to  make  statistical  comparisons.   He 
summarized  habitat  utilization  (based  on  15  to 
18  counts  in  each  habitat)  in  terms  of  a  list 
of  dominant  species,  each  comprising  5%  or 
more  of  the  registrations,  and  sub-dominants 
(2%  to  5%).   Then,  using  only  the  dominant 
species,  he  computed  similarity  indices  among 
the  various  habitats  using  the  formula 
s=2c/(a+b)  where  s  is  the  index,  a  and  b  are 
the  numbers  of  species  in  each  sample,  and  c 
the  number  of  species  common  to  the  two 
samples. 

In  the  United  States,  "he  IPA  method  has 
been  further  refined  by  Whitcomb  and  Robbins 
Ij   who  make  three  20-minute  counts  (each 
composed  of  four  5-minute  segments)  at  eac!i 
point.   Th9  three  sam- les  are  taken  at  differ- 
ent times  in  the  nesting  season  (generally 
early,  middle,  and  late  June)  and  at  three 
different  periods  in  the  early  morning  hours 
in  order  to  maximize  the  likelihood  of 
recording  all  species  present. 

Density-Frequency  Relationship 

Blondel  (1975)  has  introduced  a  further 
modification  of  the  IPA  method  (Echantillon- 
nage  Frequentiel  Progressif:  EFP) .   The  EFP 
method  uses  the  presence  or  absence  of  a 
species  on  each  of  the  20-minute  IPA  counts  to 
determine  frequency  of  that  species  in  each 
plot  (fig.  4).   Comparison  of  the  IPA  and  the 
EFP  figures  allows  one  to  determine  for  each 
species  the  relationship  between  its  density 
and  its  frequency.   The  frequency  of  a  species 
is  shown  to  be  closely  correlated  with  the 
logarithm  of  its  density  (fig.  5);  the  lower 
the  frequency  the  better  the  correlation. 
"Thus,  frequencies  of  occurrence  can  be  used 
as  an  objective  measure  of  the  number  of 
individuals  included  in  the  community." 
Rotenberry  and  Wiens  (1976)  found  a  similar 
correlation  between  density  and  frequency 
using  roadside  transect  (BBS)  data. 

Blondel  claims  that  the  EFP  method,  which 
is  highly  standardized,  is  very  useful  for  a 
rigorous  statistical  interpretation  of  data. 
He  used  the  EFP  method  to  calculate  ecological 
profiles  and  niche  breadth  for  each  species. 
He  analyzed  the  structure  of  bird  communities 
according  to  the  structure  of  the  vegetation. 
For  each  community,  he  determined  the  species 
richness,  the  species  diversity  index  (H'), 
the  equitability  (J'),  and  the  level  of  fit  to 
Galton's  log-normal  model.   He  also  discussed 
the  influence  of  reforestation  on  bird  commu- 
nities.  "In  many  instances,  conifer 
plantations,  especially  Cedar  (species  not 
stated),  seem  successful  in  the  rebuilding  of 
communities."  Blondel  concludes  that  the 
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Figure  4. — EFP  maps  showing  distribution  of 
Coal  Tit  (above)  and  Great  Tit  with  relation 
to  elevation.   Frequency,  as  shown  by  size 
of  the  dots  in  the  legend,  is  based  on  an 
average  of  about  four  20-minute  IPA  counts  in 
each  of  the  small  rectangles.   From  Blondel 
(1975). 

standardized  and  time-saving  EFP  method  "seems 
very  well  adapted  to  solve  problems  of 
theoretical  and  applied  ecology  at  the 
community  level,  and  can  be  used  fruitfully 
for  environmental  monitoring." 

Comparison  with  spot-mapping 

In  comparing  point  counts  (IPA)  with 
mapping  census  in  Bialowieza  Forest  in  Poland, 
Tomialojc  et_  a2^.  (1978)  found  that  point 
counts  overestimate  the  population  when  the 
density  is  low  and  underestimate  when  density 
is  high.   IPA  counts  also  require  better  ob- 
servers and  encounter  more  problems  separating 
migrants  or  other  non-breeding  birds  from 
breeding  individuals  than  do  mapping  censuses. 

Combining  transects  and  point  counts 

Bond  (1957)  used  a  method  that  was 
essentially  a  combination  of  the  transect  and 
point  count  methods  to  compare  bird  popula- 
tions in  64  upland  hardwood  stands  in  Wiscon- 


sin.  After  entering  a  woodland  he  walked 
about  50  ra  along  a  transect  line.   At  this 
point  he  stopped  for  5  minutes  and  counted  all 
birds  seen  and/or  heard  ahead  of  him.   He  then 
walked  ahead  slowly  for  5  minutes,  averaging 
150-175  m.   He  repeated  this  procedure  until 
he  had  5  sample  10-minute  counts  from  each 
forest  interior.   Two  early  morning  visits 
were  made  to  each  woodlot  and  the  highest 
count  for  each  species  was  used.   These  counts 
detected  76%,  78%,  and  70%,  as  many  pairs  as 
were  found  by  spot-mapping  censuses  in  three 
of  the  same  woodlands.   Palmgren  (1930)  and 
Kendeigh  (1944)  found  81%  and  63%  of  their 
birds  in  spot-mapping  censuses  were  detected 
on  the  first  two  visits. 
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Figure  5. — Relation  between  frequency  of 

detection  and  logarithm  of  numbers  of  indi- 
viduals detected  for  239  pairs  of  57 
species.   Confidence  interval,  p  =.05.   From 
Blondel  (1975). 

Breeding  Bird  Survey 

The  North  American  Breeding  Bird  Survey 
(BBS)  was  developed  by  the  U.  S.  Fish  and 
Wildlife  Service  to  monitor  bird  population 
changes  in  North  America  over  a  period  of 
years  (Robbins  and  Van  Velzen  1967,  1969,  1974), 
Each  survey  route  is  a  series  of  50  3-minute 
point  counts  at  1/2-mile  intervals  along  a  24 
1/2-mile  roadside  transect  that  was  selected 
by  a  random  procedure.   Coverage  extends  from 
one-half  hour  before  sunrise  to  about  4  hours 
after  sunrise  and  thus  embraces  the  period  of 
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i'igure  6. — Hourly  variation  in  bird  counts. 
The  outer  lines  represent  95%  confidence 
limits  based  on  4  days  in  June  1969.   From 
Robbins  and  Van  Velzen  (1970). 


greatest  bird  activity  (fig.  6).   At  each  of 
the  50  stops,  all  birds  heard  and  all  birds 
seen  within  one-quarter  mile  of  the  counting 
position  are  tallied.   The  BBS,  which  now 
embraces  the  populated  areas  of  Canada  and  all 
of  the  United  States  except  Hawaii,  provides 
an  annual  sample  from  1700  or  more  roadside 
transects.   The  results  are  widely  used  for 
documentary  and  research  purposes,  and  are 
also  available  for  comparison  with  intensive 
local  population  studies,  such  as  Mlniroutes 
that  use  the  same  method. 

The  BBS  results  are  used  primarily  for 
statistical  analysis  of  population  changes 
over  the  years  (fig. 7)  and  for  mapping  of 
relative  breeding  densities  throughout  the 
North  American  range  of  a  species  (fig.  8).   A 
ten-year  summary  of  the  BBS  results  is  in 
preparation. 

BBS  Miniroutes 

For  intensive  local  studies,  BBS  routes 
can  be  laid  out  in  a  non-random  way,  so  that 
all  or  most  secondary  roads  within  the  area  of 
interest  are  included  in  the  sample  (fig.  9). 
The  term  "Miniroute"  results  from  a  25-stop 
instead  of  a  50-stop  format.   By  using  a 
shorter  route,  observers  were  able  to  complete 
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Figure  7. — Population  trends  in  the  Starling  in  the  western, 
central,  and  eastern  regions  of  North  America.   Data  from 
Breeding  Bird  Survey. 
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Figure  8. — Relative  abundance  of  the  Red-tailed  Hawk  in 
the  1968-70  breeding  seasons.   Data  from  Breeding  Bird 
Survey. 


Figure  9. — Map  of  Howard  County,  Maryland, 
showing  locations  of  the  mid-points  of  each 
5-stop  section  of  the  network  of  Miniroutes. 

their  coverage  before  working  hours  in  the 
morning.   By  covering  each  route  twice  (once 
in  each  direction)  and  combining  the  results 
of  the  two  counts,  most  of  the  difference  in 
activity  resulting  from  time  of  day  could  be 
eliminated  (fig.  10).   Bystrak  and  others 
(Klimkiewicz  and  Solem  1974)  used  Miniroutes 
to  map  relative  abundance  of  breeding  birds 
throughout  two  Maryland  counties  (fig.  11)  as 
part  of  a  Breeding  Bird  Atlas  program  for 
these  counties.   Although  the  Miniroute 
technique  was  designed  for  roadside  use,  it 
could  be  applied  with  slight  modifications  to 
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Figure  10. — Mean  number  of  Red-eyed  Vireos 
recorded  per  half  hour  on  Howard  County 
Miniroutes,  1973.   The  top  line  is  the  sum 
of  the  two  coverages  of  each  route.   Time  in 
hours  is  given  with  relation  to  local  sunrise 
(SR). 

coverage  of  forested  areas  on  horseback  or  by 
off-road  vehicles,  making  it  possible  to  map 
distribution  of  breeding  birds  over  a  wide 
area  with  a  minimum  of  expenditure  of  time. 
Differences  in  bird  populations  could  then  be 
correlated  with  differences  in  vegetation 
obtained  from  aerial  surveys  or  by  ground 
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Figure  11. — Relative  abundance  of  breeding  Red-winged 
Blackbirds  in  Howard  County,  Maryland,  plotted  from  the 
summation  of  two  coverages  of  each  of  the  five-stop 
segments  shown  in  figure  9. 


survey  methods. 

Breeding  Bird  Atlas 

Breeding  Bird  Atlasing  has  become  a  popu- 
lar pastime  among  bird  observers  in  Europe 
during  the  past  decade.   Atlases  showing 
breeding  distribution  maps  for  each  species 
have  recently  been  published  for  the  British 
Isles  (fig.  12),  France  and  Denmark;  and 
similar  atlases  are  in  progress  in  several 
other  European  nations  (Belgium,  Czecho- 
slovakia, Finland,  Federal  Republic  of 
Germany,  Italy,  Netherlands,  Poland,  Sweden, 
Switzerland) .   A  more  comprehensive  mapping 
program  involving  all  of  Europe  is  planned 
for  1985-1988  using  50-km  grids. 

The  initial  purpose  of  preparing  a 
Breeding  Bird  Atlas  was  to  correlate  bird 
distribution  with  that  of  plants  as  shown  in 
the  Atlas  of  British  Flora  (Perring  and 
Walters  1962) .   In  a  government-sponsored 
program  carried  out  through  the  British  Trust 
for  Ornithology  and  the  Irish  Wildbird 
Conservancy,  observers  visited  every  one  of 
the  3,862  10-kilometer  squares  (100  square 
kilometers  each)  of  land  area  throughout  the 
British  Isles  during  a  5-year  period  and 
reported  presence  or  absence  of  each  bird 
species  (Sharrock  1976) .   Twelve  transparent 
overlays,  that  must  be  ordered  separately  from 
the  book,  facilitate  correlation  of  bird 
distribution  with  selected  environmental 


factors  such  as  July  temperature,  elevation, 
and  distribution  of  moorland,  sessile  oakwoods 
(fig.  13),  and  standing  fresh  water. 

In  other  countries,  the  sampling  blocks 
have  been  of  different  sizes,  depending  upon 
the  size  of  the  total  area  to  be  sampled  and 
the  standard  maps  available.   In  France  the 
sampling  unit  was  20  by  27  km  (Yeatman  1976) 
while  in  Denmark  it  was  a  5-km  square  (Dybbro 
1976) .   In  several  countries  (Belgium, 
Czechoslovakia,  Poland)  the  method  has  been 
modified  to  include  some  indication  of  abun- 
dance rather  than  merely  noting  presence 
or  absence. 

No  large-scale  atlas  has  been  attempted 
in  the  United  States  because  the  BBS  provides 
an  annual  sample  of  changing  abundance  of  each 
species  and  also  gives  a  density  of  coverage 
roughly  comparable  with  the  projected  European 
atlas  of  the  1980's. 

Nevertheless,  atlas  studies  have  been 
initiated  in  several  states  (Illinois,  Mary- 
land, Massachusetts,  Vermont,  and  parts  of 
California  and  Michigan) ,  generally  using 
grids  smaller  than  the  10-km  British  grid. 
These  American  atlas  studies  will  provide  a 
source  of  information  on  presence  and  absence 
of  the  various  species  in  many  forested  areas. 

The  majority  of  atlas  studies  in  the 
United  States  utilize  a  5-km  grid  (6  blocks 
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Figure  12. — Breeding  distribution  of  the 

Wood  Warbler  in  the  British  Isles.   Size  of 
dots  indicates  the  three  atlas  categories  of 
possible,  probable,  and  confirmed  (largest 
dot)  breeding.   Map  from  Sharrock  (1976). 

per  7  1/2  minute  topographic  map) ,  but  the 
Maryland  Ornithological  Society  has  changed 
from  5  km  to  2  1/2  km  "quarter  blocks"  (about 
600  hectares  or  1500  acres) .   The  quarter 
blocks  not  only  make  it  possible  to  pinpoint 
the  location  of  rare  species  and  others  of 
special  interest,  but  they  also  are  much 
better  for  outlining  areas  where  a  particular 
species  is  not  present  (fig.  14)  (Klimkiewicz 
and  Robbins  197A) .   This  feature  takes  on 
special  significance  in  areas  where  commercial 
or  residential  communities  are  expanding  or 
where  habitats  are  being  lost  through  various 
types  of  development.   And  in  areas  where 
large  forests  are  being  destroyed  by  changes 
in  land  use,  quarter-block  atlas  data  have 
been  of  immense  value  in  showing  to  what 
degree  various  breeding  species  disappear  when 
forested  areas  become  fragmented  into  smaller 
tracts  (fig.  15). 

In  situations  where  insufficient 
personnel  is  available  to  visit  all  atlas 
blocks,  intensive  coverage  of  a  random  sample 


Figure  13. — Transparent  overlay  from  Shar- 
rock (1976)  showing  distribution  of  Sessile 
Oak  Woodlands.   Compare  with  figure  12. 


Figure  lA . — Breeding  distribution  of  Pile- 
ated  Woodpecker  in  two  Maryland  counties 
in  the  Baltimore-Washington  area  showing  the 
great  improvement  in  precision  when  5-km 
atlas  blocks  (Montgomery  County)  are 
replaced  by  2  1/2-km  quarter  blocks  (Howard 
County) .   The  three  atlas  categories  are 
indicated  by  darkness  of  shading. 
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Figure  15. — Atlas  quarter-blocks  in  Howard  County,  Maryland, 
showing  forest  fragments  from  which  breeding  bird  species 
that  require  large  tracts  of  forest  interior  are  lacking. 
The  species  missing  from  the  fragments  still  nest  in  the 
extensive  woodlands  along  the  Patuxent  and  Middle 
Patuxent  stream  valleys  at  the  left  and  right  edges  of 
the  map:   Black-and-white,  Worm-eating,  Northern  Parula, 
Cerulean,  Kentucky,  and  Hooded  Warblers,  and  others. 


Figure  16. — Size  comparison  of  Wood  Thrush  singing 

territories  at  Patuxent  Wildlife  Research  Center  deter- 
mined from  spot-mapping  (shaded  ovals) ,  and  home  ranges 
of  some  of  the  same  males  determined  by  banding.  Total 
area  of  this  map  section  is  22  ha. 


of  small  blocks  is  greatly  to  be  preferred 
over  casual  coverage  of  much  larger  blocks. 


The  atlas  technique  yields  high  returns 
in  the  first  day  of  field  work  in  a  given 
block.   In  12  10-km  blocks,  each  with  78  to  90 
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breeding  species,  an  average  of  72  species 
were  detected  in  the  first  15-hour  day 
(Sharrock  1974) ;  40  of  these  species  had  been 
found  in  the  first  hour  and  60  by  the  end  of  8 
hours.   It  is  the  added  effort  of  searching 
for  the  important  hard-to-find  species  and  the 
accumulation  of  nesting  evidence  that  is  very 
time-consuming.   Recent  recognition  that  rare 
and/or  disappearing  species  are  most  likely  to 
be  present  in  the  largest  forest  tracts  within 
a  given  grid  should  greatly  reduce  the  effort 
required  to  locate  such  species. 

Banding 

Several  investigators  in  the  United 
States,  Sweden,  and  France  have  used  the 
marking  and  recapture  of  birds  as  a  means  of 
studying  the  effectiveness  of  other  census 
methods  (Stamm  et_  al.  1960,  Svensson  pers. 
comm. ,  Frochot  1977) . 

Banding  in  itself  is  neither  an  efficient 
nor  a  highly  accurate  way  of  measuring  entire 
breeding  bird  populations  in  forest  habitats. 
It  is,  however,  a  very  effective  way  to 
determine  how  many  pairs  of  certain  species 
are  present.   It  also  makes  it  possible  to 
distinguish  migrants  from  summer  residents 
and,  to  some  degree,  non-breeding  from 
breeding  individuals.   Color  banding  can  be 
used  to  define  the  ranges  of  individual  birds 
and  also  can  point  out  errors  in  judgment  that 
occasionally  occur  when  the  observer  relies 
entirely  upon  the  mapping  method.   Bear  in 
mind,  however,  that  home  ranges  of  many 
species  are  much  larger  than  their  singing 
territories  (Fig.  16). 

Frochot  (1978)  has  compared  mapping,  IPA, 
and  banding  techniques  in  the  same  oak  forest 
plot  of  100  hectares.   Comparing  the  results 
for  12  common  species,  he  determined  a  density 
of  49.9  breeding  pairs  per  10  hectares  by  the 
mapping  method  as  compared  with  47.0  by  the 
IPA  method  (with  appropriate  corrections  for 
conspicuousness) .   Banding  data  sufficient  for 
computation  of  population  estimates  were 
available  for  only  4  of  the  12  species,  but 
for  3  of  these  4  species  the  estimate  from 
capture-recapture  was  higher  than  that 
obtained  by  either  of  the  other  two  methods. 
Frochot  reported  that  the  IPA  census  required 
nearly  10  hours  of  prime  time  in  the  early 
morning,  while  the  mapping  census  required  43 
hours,  and  the  banding  study  took  400  hours. 
The  chief  advantages  of  the  capture-recapture 
method  emphasized  by  Frochot  are:   1)  it 
permits  a  census  of  females  and  young  as  well 
as  of  singing  males,  2)  it  can  be  used  for 
testing  mapping  and  IPA  methods,  and  3)  it 
gives  additional  information  about  daily  range 
and  habitat  utilization  of  the  individual 
birds. 


Nest  Finding 

To  the  uninitiated,  nest  finding  appears 
to  be  the  obvious  way  to  determine  accurately 
the  breeding  bird  population  of  a  forest  plot 
In  actual  practice,  however,  it  is  seldom 
possible  to  find  enough  active  nests  of  a 
species  to  use  this  method  as  a  measure  of  the 
breeding  population — especially  in  forest 

habitats.   While  a  nest  census  is  effective 

I 

for  many  colonial  nesting  species,  such  as 
herons  and  ibis,  there  are  very  few  forest- 
nesting  species  that  are  colonial. 

Nest  censuses  have  been  conducted 
successfully  for  a  few  species  such  as  the 
Red-shouldered  Hawk  (Steward  1949,  Henny  et^ 
al.  1973) .   They  have  also  been  successful  in 
a  few  habitats,  especially  in  residential  and 
park  areas,  where  a  high  percentage  of  the 
nests  are  within  10  feet  of  the  ground  and 
where  nests  tend  to  be  clustered  in  suitable 
strips  of  vegetation  rather  than  scattered 
more  or  less  randomly  throughout  the  entire 
study  plot.   In  a  normal  situation,  nesting  is 
spread  over  a  period  of  at  least  4  to  6  months 
and  during  this  time  nests  are  continually 
being  destroyed  or  deserted  and  additional 
nesting  attempts  initiated.   In  the  southern 
United  States  there  is  probably  no  one  time 
when  all  members  of  a  given  species  are 
nesting,  so  that  even  if  it  were  possible  to 
locate  every  nest  during  some  particular  week,! 
this  still  would  not  be  a  census  of  that 
species  in  the  plot.   Tomialojc  (1974)  studied 
nesting  behavior  of  17  pairs  of  Woodpigeons 
(Columba  palumbus)  near  Wroctaw  in  Poland  and 
found  that  no  more  than  6  of  the  17  had  active 
nests  at  any  one  time  (fig.  17). 

A  good  example  of  a  nesting  study  of  a 
single  species  is  a  Wood  Thrush  investigation 
in  a  14.4  ha  Delaware  woodlot  by  Longcore  and 
Jones  (1969).   Systematic  nest  searches  were 
conducted  during  a  3-month  period  in  1965  and 
again  in  1966.   Grid  lines  located  at  150-foot 
intervals  were  traversed  at  least  once  every  3 
days  except  for  a  2-week  period  in  July  1965. 
A  total  of  142  Wood  Thrush  nesting  attempts 
were  documented  (fig.  18)  of  which  38%  were 
successful.   This  study  was  supplemented  by  an 
intensive  banding  effort  every  2  to  3  weeks 
during  the  1966  breeding  season.   This  effort 
resulted  in  46  Wood  Thrushes  being  banded. 
This  study  was  directed  primarily  toward 
determining  reproductive  success  rather  than 
measuring  the  population,  but  it  gives  an  idea 
of  how  much  effort  would  be  involved  in 
gathering  enough  information  about  a  single 
species  to  get  an  accurate  measurement  of  the 
breeding  population. 

In  summary,  I  do  not  minimize  the  import- 
ance of  actual  nest  counts  as  a  supplement  to 
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Figure  17. — Nesting  status  of  17  pairs  of 
Woodpigeons  near  Wroclaw,  Poland.   Symbols 
mean:   1 — cooing  male,  2 — pair  showing 
breeding  behavior,  3 — date  of  discovery  of 
nest  and  period  it  remained  active, 
4 — successful  nest.   From  Tomialojc  (1974). 

other  methods;  I  simply  question  their 
practicality  as  a  census  method  under  normal 
circumstances.   There  are,  of  course, 
exceptional  cases  where  populations  of  an 
individual  songbird  species  can  be  determined 
by  a  thorough  search  for  nests — but  this 
normally  requires  a  prohibitive  amount  of 
field  work.   For  many  canopy  species  it  would 
be  nearly  impossible  to  find  all  the  nests 
even  with  a  large  crew  of  observers. 

Species  Studies 

When  interest  relates  primarily  to  a 
single  species  or  a  small  group  of  species, 
considerable  time  may  be  saved  by  a  knowledge 
of  the  habits  of  the  particular  species.   For 
the  Scarlet  Tanager,  for  instance,  there  is  a 
very  short  period  just  at  dawn  when  singing 
reaches  a  high  peak.   By  scheduling  trips  to 
include  this  critical  period  and  by  moving 
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Figure  18. — Three  point  floating  averages 
for  the  daily  number  of  active  Wood  Thrush 
nests  in  a  14.4  ha  woodlot  in  Delaware, 
1965-1966.   From  Longcore  and  Jones  (1969). 

rapidly  through  the  area  while  the  birds  are 
at  their  peak  of  song,  the  total  amount  of 
field  time  can  be  reduced. 

Tape  Recordings 

For  many  species,  playback  of  tape 
recordings  can  be  used  to  induce  song  from 
silent  territorial  males.   The  technique  may 
increase  census  accuracy,  especially  for 
species  with  low  song  activity,  with  a  minimal 
expenditure  of  time.   Also,  the  technique  can 
be  used  to  determine  territorial  boundaries. 
Indiscriminate  use  of  tape  recordings  on 
repeated  visits  during  the  breeding  season, 
however,  can  bias  one's  results  because  birds 
may  alter  their  habits  or  their  territorial 
boundaries  if  they  believe  a  competing  member 
of  the  same  species  is  holding  territory 
nearby. 


WINTER  SEASON  TECHNIQUES 

Winter  Bird-Population  Study 

In  1948  the  National  Audubon  Society 
inaugurated  an  annual  Winter  Bird-Population 
Study,  which  is  published  in  American  Birds. 
The  purpose  of  this  study  is  to  obtain  an 
estimate  of  the  average  number  of  birds  using 
a  particular  habitat.   Many  observers  use  the 
same  plot  in  which  they  have  conducted  a 
Breeding  Bird  Census  by  spot-mapping.   Most 
plots  range  in  size  from  6  to  20  ha.   The 
plots  are  visited  from  6  to  10  times  in  mid- 
winter and  the  totals  for  each  species  are 
averaged.   As  in  the  Breeding  Bird  Census,  the 
results  are  expressed  in  terms  of  birds  per 
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Figure  19. — Comparison  of  morning  (left)  and  afternoon  distribution  of 
birds  in  an  upland  deciduous  forest  in  Howard  County,  Maryland,  22 
January  1978.   On  cold  days  in  winter,  birds  tend  to  be  attracted  to 
sunny  exposures.   Squares  are  250  feet  on  each  side;  elevations  are  in 
feet. 


square  kilometer  and  birds  per  100  acres. 
Several  visits  per  winter  are  necessary 
because  populations  and  even  the  species 
present  in  a  given  plot  vary  from  day  to  day 
and  from  morning  to  afternoon.   Finches, 
robins,  and  waxwings  for  example,  often  range 
over  many  square  kilometers  in  the  course  of 
two  or  three  days.   Many  other  species  are 
loosely  attached  to  mixed  flocks,  which  may 
range  widely,  in  and  out  of  a  study  plot. 
Such  flocks  tend,  especially  on  cold  days,  to 
favor  sunny  exposures  (fig.  19),  to  concen- 
trate in  the  better  feeding  sites,  and 
to  avoid  windy  areas. 

Even  when  plots  are  covered  during  the 
best  weather  conditions,  results  must  still  be 
considered  as  minimum  population  estimates 
because  rarely  is  it  possible  to  find  all  the 
birds  that  are  present  within  the  plot  at  any 
given  time — especially  in  a  forest  habitat. 

Difficulties  not  withstanding,  the 
method  does  give  an  opportunity  to  compare 
populations  of  different  habitats  and,  to  a 
lesser  degree,  to  follow  population  trends 
over  a  period  of  years.   Webster  (1966) 
analyzed  the  results  of  248  winter  studies  in 
forest  habitats  and  25  studies  in  grasslands. 


By  plotting  species  richness  against  popula- 
tion density  he  found  that  southern  pine 
forests  mixed  with  oaks  or  gums  tended  to  have 
a  higher  species  richness  than  did  other 
eastern  forests. 

This  method  can  be  used  effectively  to 
obtain  indices  of  winter  use.   I  should 
stress,  however,  that  winter  bird  populations 
vary  enormously  from  year  to  year  at  any  one 
place,  so  it  is  highly  desirable  to  conduct  a 
winter  population  study  for  at  least  2  years. 
A  critique  of  this  method  (Robbins  1972) 
showed  that  in  forest  habitats  6  trips  were 
sufficient  to  obtain  a  stable  minimum  estimate 
of  the  total  wintering  bird  population,  but 
that  at  least  8  or  10  trips  were  required  to 
obtain  such  estimates  for  individual  species. 

Christmas  Bird  Count 

The  Christmas  Bird  Count  (CBC)  ,  sponsored 
by  the  National  Audubon  Society  since  1900  and 
published  annually  in  American  Birds,  is  the 
best  known  and  probably  the  most  used  source 
of  information  on  geographical  distribution  of 
nongame  birds  in  winter. 
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Figure  20. — Winter  distribution  and  relative  abundance  of 
Red-tailed  Hawk  in  1972.  From  Bystrak  (1974).  Compare 
with  figure  8,  bearing  in  mind  the  difference  in  scales 
of  abundance. 


As  many  as  1,275  circles,  15  miles  in 
diameter,  are  covered  annually  in  North  Amer- 
ica.  Observers  keep  a  record  of  party-hours 
and  party-miles  in  the  field,  and  estimate  the 
time  spent  in  each  major  habitat. 

Maps  showing  the  distribution  and  rela- 
tive abundance  of  143  species,  based  on 
Christmas  Bird  Counts  (fig.  20),  were  compiled 
by  Bystrak  (1974)  and  similar  maps  for  a  few 
dozen  other  species  have  been  published  from 
time  to  time  in  American  Birds .   These  maps 
are  sufficiently  detailed  that  likelihood  of 
occurrence  of  these  analyzed  species  in  any 
particular  forest  area  in  the  Southeast  could 
be  estimated  on  the  basis  of  availability  of 
suitable  habitat. 

Christmas  Count  data  also  can  be  used  for 
comparison  of  winter  bird  populations  of  any 
particular  forest  area  with  those  of  published 
studies  in  the  same  or  nearby  counties. 

Winter  Bird  Survey 

In  an  effort  to  design  a  more  standard- 
ized method  of  assessing  bird  populations  in 
winter,  the  Maryland  Ornithological  Society 
undertook  a  Winter  Bird  Survey  in  Central 
Maryland  for  5  consecutive  years,  1970-1974. 
Preliminary  tests  showed  that  the  Breeding 
Bird  Survey  method  would  not  be  practical 
because  of  heavy  traffic  problems  on  many 
roads  in  the  first  few  hours  after  sunrise  in 
winter  and  because  lack  of  singing  made  it 
difficult  to  detect  birds  that  could  not  be 
seen  from  the  roadside  (Robbins  1970) . 

The  method  adopted,  therefore,  involved 


transects  of  8  km  (5  miles)  that  were  covered 
on  foot  in  the  first  4  hours  after  sunrise. 
One  route  was  established  at  the  center  of 
each  7  1/2-minute  Geological  Survey  map  in 
central  Maryland,  giving  an  11  x  14  km  grid. 
An  effort  was  made  to  lay  out  each  route  in 
the  form  of  a  square,  2  km  on  each  side.   Many 
routes  were  forced  to  depart  from  the  square 
shape  because  of  streams,  ponds,  buildings, 
high  fences,  and  other  obstacles;  but  despite 
changes  in  shape,  the  total  length  of  8  km  was 
maintained.   By  timing  their  walking  speed  for 
the  first  quarter  of  the  route,  observers  were 
able  to  arrive  back  at  the  starting  point 
within  a  very  few  minutes  of  the  prescribed 
4-hour  period.   A  separate  count  was  kept  for 
each  hour,  and  birds  identified  at  a  distance 
greater  than  one-quarter  mile  were  recorded 
in  a  separate  column  on  the  form. 

Most  of  the  46  routes  were  covered  each 
year,  and  because  coverage  was  standardized, 
the  population  changes  from  year  to  year  could 
be  analyzed  statistically.   Significant 
changes  were  found  for  many  species.   The 
Winter  Bird  Survey  data  also  were  used  to  map 
the  relative  abundance  of  various  species 
throughout  central  Maryland  (Bystrak  and 
Robbins  1972,  Robbins  and  Bystrak  1974). 

Comparison  with  Christmas  Bird  Count  Data 

There  were  four  CBC  circles  within  the 
area  covered  by  the  Winter  Bird  Survey.  This 
permitted  direct  comparison  of  the  results  of 
the  two  methods.  Although  published  CBC's, 
from  their  inception  in  1900,  have  included 
the  number  of  hours  of  field  coverage,  this 
coverage  varies  enormously  among  areas  and 
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Figure  21. — Comparison  of  bird  population 

trends  as  shown  by  Winter  Bird  Survey  (solid 
lines)  and  Christmas  Bird  Count  (dashed 
lines) . 

from  year  to  year.   Because  of  the  changes  in 
coverage,  changes  in  observers,  and  lack  of 
control  over  weather  conditions,  the  CBC  data 
have  been  believed  too  crude  for  application 
of  statistical  analysis.   Comparison  with  the 
Winter  Bird  Survey  data,  however,  revealed 
that  the  CBC's  show  year-to-year  trends  very 
similar  to  those  detected  in  the  same  geo- 
graphic area  by  the  Winter  Bird  Survey  (fig. 
21) .   Species  commonly  seen  along  roadsides 
and  at  feeding  stations  were  recorded  in 
larger  numbers  (per  4  hours  of  field  work)  on 
the  CBC,  while  species  typical  of  fields  and 
forests  were  found  in  larger  numbers  on  the 
Winter  Bird  Survey.   Nevertheless,  the 
year-to-year  trends  were  similar,  suggesting 
that,  despite  the  disadvantage  of  uncontrolled 
variables,  CBC's  can  be  used  in  a  general  way 
to  show  population  changes.   The  advantages  of 
the  CBC  data  are  the  large  number  of  years 
represented  and  the  large  sample  of 
observations  each  year:   as  many  as  200-300 
party-hours  concentrated  in  a  small  area. 

European  Winter  Transects 

The  Winter  Bird  Survey  method  was  tested 
simultaneously  in  the  British  Isles  and  in 
Maryland.   The  British  had  some  reservations 
about  the  success  of  their  program,  largely 
because  of  high  variability  caused  by  wander- 
ing Lapwings ,  a  plover  that  occurs  in  large 
flocks  and  moves  gradually  from  east  to  west 
across  the  British  Isles  as  the  winter 
progresses.   Hence,  the  British  study  was 
discontinued  and  the  results  were  not 
published. 

A  series  of  walking  transects,  varying 
from  2  to  30  km  in  length,  was  initiated  in 
Finland  in  1956.   About  6500  km  of  Finnish 


landscape  are  now  hiked  each  winter 
(Sammalisto  1974). 

In  Sweden  the  winter  transects  consist  of 
twenty  5-minute  stops  (Kallander  1978) .   Each 
transect  is  covered  monthly  from  November 
through  March  with  the  same  stops,  same  time, 
and  same  observer  each  year.   The  data  from 
both  Finland  and  Sweden  are  entered  on  punch 
cards  and  analyzed  statistically  to  show 
national  trends  in  winter  populations. 


TECHNIQUES  FOR  OTHER  SEASONS 

Transects 

The  transect  method  has  been  the  one  most 
frequently  used  to  monitor  year-around  changes 
in  bird  populations.   Admittedly,  its  accuracy 
varies  with  season  of  the  year  depending  upon 
activity  of  the  birds  and  visibility  across 
the  various  habitats.   Width  of  the  transect 
strips  has  varied  with  the  several  authors, 
and  no  attempt  has  been  made  so  far  to 
standardize  strip  width  among  investigators 
in  different  countries. 

Most  transect  workers  have  walked  alone, 
but  Stewart  £t  aJ.  (1952)  in  a  2-year  study  at 
the  Patuxent  Research  Refuge  in  Maryland,  used 
3  observers  walking  parallel  lines  100  m  apart 
to  sample  a  strip  300  m  wide  and  4.2  km  long 
(about  123  ha) .   During  the  breeding  season 
the  observers  worked  strictly  from  the  census 
lines,  but  at  other  seasons  they  departed  as 
far  as  50  m  from  the  census  lines  whenever 
necessary  to  get  better  counts  of  flocking 
birds.   Two  observers  often  worked  together  on 
the  same  flock  to  obtain  the  best  estimate  of 
flock  size  and  composition.   It  was  believed 
that  by  having  three  observers  the  errors  in 
estimating  lateral  distances  were  minimized  as 
was  the  likelihood  of  obtaining  poor  estimates 
of  flocking  species. 

Transect  Sampling  in  North  Wales 

To  determine  bird  use  on  nine  national 
nature  reserves  in  the  county  of  Merioneth, 
North  Wales,  the  Nature  Conservancy  estab- 
lished a  program  under  which  50  km  of  heather 
and  50  km  of  grassland  would  be  censused  by 
transects  during  each  month  of  the  year 
(Jones,  1974).   Each  transect  belt  was  200  m 
wide  and  the  right  angle  distance  to  each  bird 
from  the  transect  line  was  estimated.   This 
long-term  study  began  in  1968  and  was  to 
continue  until  the  sample  for  each  month  in 
each  major  habitat  reached  50  km.   Jones  used 
the  method  of  Gates  et^  aj^.  (1968)  and  Emlen 
(1971)  to  convert  transect  data  into  an 
estimate  of  the  total  population,  using  a 
coefficient  of  detectability .   This  method  is 
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Figure  22. — Daily  bandings  (birds  per  1000 
net-hours)  of  American  Redstart  at  Ocean 
City,  Maryland,  September  and  October  1966. 

more  likely  to  be  successful  in  open  habitats 
such  as  those  used  by  Jones  than  in  heavily 
forested  habitats  where  many  birds  at  close 
range  can  escape  detection. 

Bird  Banding 

When  banding  is  done  consistently 
throughout  a  migration  season,  it  provides  quan- 
titative data  on  populations  of  those  species 
that  are  readily  trapped  under  the  conditions 
that  prevail  at  the  particular  banding  site. 
The  records  of  the  major  bird  observatories 
in  North  America  (and  also  of  those  in 
Europe)  provide  an  excellent  sampling 
of  a  wide  variety  of  species  and  have  an 
additional  advantage  in  that  reliable  age 
ratios  for  each  species  for  the  particular 
locality  are  obtained.   As  in  any  study  during 
the  migration  periods,  weather  has  a  major 
effect  on  daily  counts  of  migrating  birds 
(fig.  22)  and  also  causes  problems  such  as 
local  concentrations  or  overflights,  any  of 
which  may  reach  major  proportions  and  make  it 
frustrating  to  attempt  statistical  analysis  of 
data  from  a  single  year.   Over  a  period  of 
years,  however,  a  good  statistical  sample  can 


be  obtained.   Attempts  to  monitor  migratory 
populations  by  banding  are  most  successful 
where  shorelines,  mountain  ridges,  river 
valleys,  oases,  or  other  topographic  or 
vegetational  features  help  to  concentrate  the 
migrating  birds. 

One  important  advantage  of  monitoring 
migrants  by  trapping  and  banding  is  that  mist 
nets  are  especially  effective  for  birds  of 
heavy  underbrush  and  dense  thickets;  such 
birds  are  rarely  seen  and  are  almost 
impossibl^e  to  detect  when  they  are  not 
singing.   While  mist  nets  are  highly  effective 
for  capturing  migrants,  it  must  be  born  in 
mind  that  they  cannot  be  used  effectively  on 
a  daily  basis  during  breeding  or  winter 
seasons  because  the  birds  rapidly  become 
familiar  with  the  placement  of  the  nets  and 
learn  to  avoid  them.   It  should  also  be 
emphasized  that  use  of  mist  nets  is  a 
specialized  technique  that  requires  special 
Federal  and  State  permits,  which  are  granted 
only  to  workers  with  considerable  training  and 
experience. 


DISCUSSION 

The  above  commentary  gives  the  research 
biologist  a  considerable  selection  of  methods 
from  which  to  choose.   Each  method  has  severe 
limitations  if  one's  objective  is  to  achieve 
an  accurate  measurement  of  the  absolute  size 
of  bird  populations,  especially  if  abundance 
of  one  species  must  be  compared  directly  with 
abundance  of  other  species. 

Attempts  to  measure  statistical  error  of 
bird  census  results  will  be  frustrated  by 
almost  insurmountable  biases  associated  with: 
(1)  daily  or  even  hourly  changes  in  the 
populations  being  sampled;  (2)  daily  changes 
in  behavior  such  as  nesting  activities  and 
singing  (Weber  and  Theberge  1977);  (3)  effects 
of  different  weather  conditions  on  audibility, 
visibility,  and  behavior  of  the  birds  and  of 
the  observers;  (4)  differences,  even  slight 
ones,  in  time  of  day  as  it  affects  bird 
activity  (Robbins  and  Van  Velzen  1970);  (5) 
differences  among  observers;  (6)  differences 
in  attentiveness  of  even  a  single  observer; 
(7)  differences  such  as  walking  speed 
(Colquhoun  1940)  or  the  exact  route  the 
observer  follows  from  day  to  day;  and  (8)  lack 
of  information  on  the  absolute  numbers  being 
estimated. 

Design  of  the  procedures  and  selection  of 
experienced  personnel  to  conduct  the  field 
work  and  analyze  the  results  are  no  less  im- 
portant than  the  selection  of  census  methods. 
The  objectives  of  the  study  and  the  time  frame 
in  which  it  must  be  completed  will  dictate 
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which  method,  or  more  likely,  which 
combination  of  methods,  will  be  most  efficient. 
Attempts  should  be  made  to  minimize  effects  of 
as  many  as  possible  of  the  inherent  variables. 
The  bulk  of  the  field  work  should  be 
concentrated  in  the  early  morning  when 
activity  is  greatest  and  most  consistent. 
Except  for  studies  of  migration  itself,  the 
migration  periods  should  be  avoided  and  work 
should  center  on  the  peak  of  the  nesting 
period  or  the  middle  of  winter.   Census  work 
should  be  standardized  with  relation  to 
sunrise  (or  sunset).   Minimum  weather 
standards  for  field  work  should  be 
established.   Observers  with  considerable 
experience  in  census  work  should  be  chosen, 
bearing  in  mind  that  most  of  the  censusing  of 
forest  birds  is  done  by  ear.   Most  biologists, 
whatever  their  level  of  general  knowledge, 
lack  the  specialized  skills  required. 
Observers  should  be  calibrated,  rotated  among 
the  various  tracts  being  compared,  and  for 
studies  lasting  more  than  1  year,  enlisted  for 
the  duration  of  the  study. 

It  is  desirable  to  assess  the  accuracy  of 
the  method  or  methods  being  used.   This  is 
frequently  best  accomplished  by  a  more 
intensive  study  of  two  or  more  of  the  sample 
plots . 

CONCLUSIONS  AND  RECOMMENDATIONS 

1.  Although  bird  censuses  are  imprecise, 
they  have  considerable  value  in  a  relative 
sense. 

2.  If  the  techniques  are  designed  so  as 
to  minimize  effects  of  variables  that  can  be 
controlled,  valid  comparisons  may  be  made 
among  bird  populations  of  two  or  more  plots. 

3.  The  spot-mapping  method  is  recommend- 
ed for  greatest  precision,  and  when  a  study  is 
to  be  repeated  over  a  period  of  years. 
Carefully  standardized  transects  or  point 
counts  are  most  effective  when  many  plots  are 
being  compared,  and  relative  rather  than 
absolute  numbers  will  suffice. 

4.  Any  method  selected  may  be  calibrated 
by  a  more  thorough  coverage  of  sample  plots  by 
the  same  or  another  method. 

5.  Demand  for  data  on  bird  populations 
and  species  composition  in  specific  habitats 
is  increasing  rapidly.   Therefore,  the  results 
of  census  work  should  be  published  or  at  least 
made  available  through  data  banks  or  other 
means. 
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A  Representative  Sample  of  Ongoing  and  Planned  Nongame  Bird  Research 
in  the  Southeastern  Region  United  States 

Robert  L.  Curtis,  Jr.— 


Abstract. — This  paper  highlights  the  ongoing  and  planned 
nongame  bird  research  efforts  in  the  Southeastern  Region  of 
the  United  States.   Over  40  percent  of  all  sampled  ongoing 
research  is  directed  toward  threatened  and  endangered  species. 
The  U.S.  Forest  Service  and  various  southern  universities 
are  the  agencies  most  heavily  involved  in  nongame  bird 
research.   A  comparison  of  ongoing  research  with  previously 
defined  nongame  bird  information  needs  is  presented. 


INTRODUCTION 

Two  and  one-half  years  have  passed  since 
many  of  us  met  at  the  Symposium  on  Management 
of  Forest  and  Range  Habitats  for  Nongame  Birds 
in  Tucson,  Arizona. 

If  a  consensus  of  opinion  regarding 
information  needs  was  reached  at  that  symposium 
it  was  perhaps  that  management  of  nongame  birds 
and  their  habitats  is  a  relatively  new  resource 
issue  and  that  there  is  a  serious  scarcity  of 
information  available  to  land  managers  and 
resource  decision  makers  for  formulating  and 
assessing  management  programs. 

Michael  Lennartz  and  Ardell  Bjugstad,  who 
highlighted  information  and  research  needs  for 
nongame  bird  habitat  management,  stressed  that 
any  discussion  of  management  information  on 
research  needs  must  follow  some  understanding  of 
what  management  is  or  what  management  should 
attempt  to  achieve. 

I  doubt  that  we  were  able  then,  or  could 
now,  agree  on  this  point.   However,  two 
philosophies  for  management  and  research  for 
nongame  birds  tended  to  recur  throughout  that 
symposium.   These  are: 

1.  Native  vegetative  communities  or  habitat 
types  must  be  protected  and  enhanced  in 
order  to  protect  and  perpetuate  all 
representative  native  avian  communities, 
and 
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2.   Endangered  and  threatened  species  and 
their  habitats  must  be  protected  and 
perpetuated. 

If  we  accept  these  as  broad  management 
guidelines,  then  the  question  becomes,  what 
information  do  land  managers  need  to  meet 
them?   Is  this  information  being  procured 
through  our  ongoing  research  programs? 

The  first  portion  of  this  question 
has  been  answered  in  a  large  part  by 
Lennartz  and  Bjugstad  (1975)  with  help  from 
their  fellow  professionals  at  Tucson. 

The  focus  of  this  presentation  will 
hopefully  shed  some  light  on  the  second 
portion  of  the  question.   Just  how  far  have 
we  come  since  that  first  nongame  bira 
symposium  in  1975?  Have  ws  as  a  professional 
working  group  been  successful  in  establishing 
a  nongame  bird  research  direction,  and  are  we 
addressing  the  priority  information  needs 
which  were  identified  two  and  one-half  years 
ago? 


METHODS 

In  this  presentation,  I  have  attempted 
to  assemble  a  representative  sample  of 
ongoing  nongame  bird  research  efforts  in  the 
southeastern  states.   Attempts  were  made  to 
sample  a  diverse  selection  of  both  Federal 
and  state  agencies  having  different  research 
and  management  mandates.   Colleges  and 
universities,  as  well  as  private  conservation 
organizations,  were  also  queried.   The  entire 
geographic  range  of  the  southeastern  region 
was  covered,  extending  from  the  Atlantic 
coast  to  Texas,  Oklahoma,  Missouri,  and 
Arkansas . 
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A  total  of  35  questionnaires  was 
distributed  to  nongame  bird  researchers  in 
this  region.   Twenty-six  investigators 
responded  to  my  inquiry  and  provided  me 
with  a  listing  and  description  of  84  ongoing 
nongame  bird  research  projects  which  form 
the  substance  of  my  presentation.   A  summary 
of  vital  information  regarding  each  project 
is  included  in  the  Appendix. 

To  facilitate  discussion  and  presen- 
tation, I  have  sorted  the  research  projects 
into  eight  categories  based  upon  the  title, 
objectives,  species  or  group  of  species, 
and,  in  some  cases,  study  methodology. 
Although  some  projects  could,  of  course, 
fit  into  more  than  one  category,  my  sorting 
approach  does  provide  an  organized  frame- 
work for  discussion,  presentation,  and 
comparison. 

The  research  categories  include: 

1.  Threatened  and  Endangered  Species  Ecology 

2.  Effects  of  Forest  Management  Practices 

3.  Species  Ecology 

4.  Avian-Forest  Habitat  Associations 

5.  Structural  Niche  Determinations 

6.  Surface  Mining  Impacts  on  Avifauna 

7.  Electric  Transmission  Line  Impacts  on 
Avifauna 

8. '  Raptor  Investigations 


PREVIOUSLY  DEFINED  INFORMATION  NEEDS 

Before  discussing  each  of  the  research 
categories  and  the  current  research  programs 
I  will  quickly  summarize  the  priority 
information  needs  identified  by  Lennartz  and 
Bjugstad  (Ibid.).   These  were: 


Information  Needs 

Information  allowing  managers  to  assess 
the  impacts  of  management  systems  on 
nongame  birds  and  their  habitats. 

Greater  quantitative  explanations  of 
the  distributive  niche  selection  of 
avian  species  and  communities  through 
accelerated  use  of  multivariate  analysis 
techniques. 

A  characterization  of  the  extent, 
distribution,  and  condition  of  the  avian 
resource  base  for  use  in  avian  management 


planning  in  conjunction  with  other 
resource  outputs — e.g.,  timber,  forage, 
and  water. 

Information  on  avian  community/ forest 
community  associations. 

Accelerated  research  emphasis  on  climax 
or  mature  vegetative  communities  and 
microhabitat  components — e.g.,  snags  and 
cavity  trees. 

Information  concerning  habitat  require- 
ments and  management  for  endangered  and 
threatened  species.   This  latter  need 
was  ranked,  almost  without  exception, 
as  the  highest  priority  of  both  managers 
and  researchers. 


ONGOING  NONGAME  BIRD  RESEARCH  -  AN  OVERVIEW 

With  the  above  information  needs  in  mind 
let  me  now  provide  an  overview  of  the  ongoing 
nongame  bird  research  program. 

Figure  1  presents  the  results  of  my 
regionwide  inquiries  and  discussions  with 
nongame  bird  investigators.   The  figure 
provides  a  category  breakdown  of  all  84 
research  projects,  and  the  percentage 
contribution  of  each  category  to  overall 
regional  research  activities. 

Two  categories  of  research,  threatened 
and  endangered  species  investigations,  and 
studies  into  the  effects  of  forest  management 
practices  on  avifauna,  account  for  49  of  the 
84  projects  or  58  percent  of  the  sampled 
research  activity.   The  lion's  share  of  this 
research  effort  belongs  to  threatened  and 
endangered  species,  which  account  for  37  of 
the  84  studies  for  an  impressive  44  percent 
of  the  sampled  ongoing  research. 

The  third  most  active  research  category, 
investigations  of  species  ecology,  is  repre- 
sented by  11  projects  accounting  for  13  percent 
of  all  research  activity.   Studies  on  avian- 
forest  habitat  associations  account  for  11 
percent .  The  other  five  categories  each  account 
for  less  than  10  percent  of  all  research. 

RESEARCH  CATEGORIES 

Threatened  and  Endangered  Species 

Clearly,  an  impressive  impetus  has 
rapidly  developed  for  the  endangered  species 
research  program.   The  high  level  of  support 
which  this  program  now  enjoys  is  a  result  of 
an  awakened  public  concern  and  interest  as 
well  as  a  better  understanding  of  man's  role 
and  moral  responsibility  regarding  species 
extinction. 
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Figure  1. — Percent  composition  by  category  for 
sampled  ongoing  nongame  avian  research  in 
the  Southeastern  Region  as  determined  by  a 
survey  conducted  in  October  1977. 

Conceptually  the  information  needs  for 
endangered  species  are  no  different  than  for 
any  other  avian  species.   We  need  the  same 
information  regarding  population,  distribu- 
tion, resource  utilization,  and  habitat 
selection.   But  the  needs  are  urgent;  the 
time  frame  is  critical. 

The  endangered  species  experience 
graphically  illustrates  that  the  future  of 
wildlife  in  America  is  dependent  upon  much 
more  than  just  our  understanding  of  wildlife 
ecology.   Law,  economics,  and  politics  will 
have  increasing  impact  on  wildlife  popula- 
tions and  programs.   For  example,  as 
Lennartz  and  Bjugstad  (Ibid.)  point  out, 
the  plight  of  species  headed  for  extinction 
has  become  one  of  our  most  publicized  and 
emotional  contemporary  wildlife  problems. 
This  interest,  whether  emotional  or 
pragmatic,  has  been  translated  into  active 
programs  through  Federal  legislation 
(Endangered  Species  Act  of  1973).  Admittedly, 
not  all  of  the  support  intended  in  the  Act 
has  materialized,  but  a  firm  foundation  has 
been  established. 


The  Endangered  Species  Act  also  requires 
that  all  Federal  or  Federally  funded  land 
management  programs  protect  endangered 
species  and  their  habitat  (Ibid.).   To  do  so 
requires  a  quantum  jump  in  available  informa- 
tion.  In  response  to  Endangered  Species  Act 
requirements  for  increased  protection  and 
management,  we  find  a  substantial  portion 
(44  percent)  of  southeastern  nongame  bird 
research  centered  about  endangered  species 
problems. 

From  figure  2,  it  is  readily  apparent 
that  the  Red-cockaded  Woodpecker  is  the 
endangered  species  receiving  most  of  our 
research  attention.   Approximately  one-third 
of  the  research  projects  directed  toward  the 
Red-cockaded  Woodpecker  are  being  sponsored 
by  the  U.S.  Forest  Service,  Southeastern 
Forest  Experiment  Station  (Lennartz  and 
Hooper,  1976).   The  objective  of  their 
research  is  to  determine  the  essential 
habitat  elements  selected  by  Red-cockaded 
Woodpeckers  throughout  their  home  range,  so 
that  forest  managers  can  assess,  or  predict, 
the  effects  of  alternative  forest  management 
strategies  on  woodpecker  populations. 
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Figure  2. — Percent  composition  by  species  for 
sampled  ongoing  threatened  and  endangered 
species  research  in  the  Southeastern  Region 
as  determined  by  a  survey  conducted  in 
October  1977. 
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The  U.S.  Forest  Service's  interest  is 
understandable  in  light  of  Chamberlain's 
(1974)  report  that  ".  .  .  the  National 
Forests  of  the  Southern  Region  are  extremely 
important  to  the  Red-cockaded  Woodpecker. 
In  several  states  it  is  likely  that  a  major 
portion  of  the  state  population  occurs  on 
National  Forest  lands." 

The  states  of  Florida,  Arkansas,  and 
South  Carolina  also  have  active  projects  on 
the  Red-cockaded  Woodpecker.   These  efforts 
are  being  funded  primarily  through  the  U.S. 
Fish  and  Wildlife  Service,  Endangered 
Species  Act  Federal  Aid  Program. 

Other  species  currently  subjects  of 
research  include  Bachman's  Sparrow, 
Swainson's  Warbler,  Bachman's  Warbler, 
Southern  Bald  Eagle,  Seaside  Sparrow, 
and  the  Peregrine  Falcon  (fig.  2). 


Forest  Management  Practices 

It  is  probably  true,  as  Hamilton  and 
Noble  (1975)  point  out,  that  most  avian 
management  on  our  forest  lands  will  be  in 
conjunction  with  other  management  objectives 
such  as  timber,  recreation,  forage,  or 
water.   The  demands  for  timber  will  have 
increased  greatly  by  the  year  2000,  yet,  if 
current  trends  continue,  there  will  likely 
be  less  acreage  available  for  commercial 
timber  production.   Obviously  to  produce 
enough  wood  and  wood  byproducts  to  satisfy 
demands  requires  more  intensive  management 
effort  on  those  lands  which  will  remain  in 
forest  production. 

Consequently,  in  managing  for,  and  in 
consideration  of,  the  avifaunal  resources 
on  forest  lands,  especially  public  lands, 
the  ability  of  the  manager  to  attain  true 
multiple  use  will  be  strained  to  the  utmost 
(Hamilton  and  Noble,  1975). 

Probably  one  of  the  most  difficult 
tasks  facing  the  manager  will  be  to  determine 
the  avian  management  objectives  for  an  area. 
This  will  be  even  more  difficult  as  other 
resource  objectives  enter  into  the  planning 
process. 

To  ensure  that  avian  management 
planning  is  no  less  sophisticated  than 
planning  for  the  primary  resource  outputs, 
managers  must  have  information  regarding 
the  effects  of  the  many  silvicultural 
alternatives  and  various  cultural 
techniques  possible.   Understandably, 
Lennartz  and  Bjugstad  (1975)  point 
to  this  as  one  of  the  most  pressing 
information  needs  of  managers. 


My  inquiries  revealed  that  research 
efforts  into  the  effects  of  forest  management 
practices  on  avifaunal  resources  is  the 
second  most  active  category  of  investigation 
(fig.  1).   Twelve  of  the  84  projects  reported 
were  within  this  category  which  represents 
14  percent  of  sampled  regional  research. 

A  variety  of  forest  cutting  techniques, 
cultural  systems,  and  forest  management 
practices  are  currently  being  investigated 
(Appendix).   Specifically,  among  them  are: 

1.  The  Jbenefit  of  woodland  openings  to 
avifauna. 

2.  Effects  of  various  type  conversions  and 
monoculture  forest  systems. 

3.  Effects  of  clearcutting,  herbicide 
treatments,  selection  cutting,  and 
various  combinations  of  the  three  on 
avifauna. 

4.  Effects  of  cable  logging  and  whole  tree 
chipping. 

5.  The  role  of  various  microhabitat  elements 
such  as  snags  and  nesting  cavities  in 
avifaunal  habitat. 

Of  the  five  primary  areas  listed  above, 
the  greatest  amount  of  research  is  being 
directed  toward  the  effects  on  avifaunal 
resources  of  various  cutting  systems,  i.e., 
clearcutting,  clearcut/herbicide,  selection 
cutting,  and  whole-tree  chipping. 

The  general  pattern  of  impacts  directed 
on  avian  habitats  and  communities  by  these 
intensive  timber  management  activities  have 
been  described  by  several  authors  (Thomas 
et  al.,  1975;  Hamilton  and  Noble,  1975; 
Conner  et  al.,  1975).   Unfortunately, 
quantitative  investigation  of  a  more  precise 
nature  is  almost  totally  lacking.   Research 
which  could  provide  indices  of  quantitative 
avian  use  of  forest  habitats  under  various 
management  systems  with  special  reference 
to  habitat  selection  and  resource  is 
definitely  needed.   Many  of  the  projects 
listed  in  the  forest  management  practices 
category  will  provide  this  information. 

The  U.S.  Forest  Service  is  the  leader 
in  this  research  effort  by  being  either 
directly  involved  or  lending  support  services 
to  10  of  the  12  projects  listed  under  this 
category  of  research. 


Species  Ecology 

Excluding  threatened  and  endangered 
species  work,  much  of  the  current  research 
can  be  loosely  described  as  avian  community 
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ecology.   I  have  included  the  species  ecology 
category  of  research  to  capture  those  projects 
relating  to  the  life  history  of  a  species  or 
closely  related  groups  of  species. 

Good  quantitative  field  data  on  many 
facets  of  avian  life  cycles  are  either 
lacking,  fragmentary,  or  comprised  of  small 
sample  sizes.   I  would  stress  that  informa- 
tion on  both  the  individual  species  and 
the  avian  community  is  essential.   As  Balda 
(1975)  has  pointed  out,  neither  autecological 
nor  synecological  studies  alone  can  adequately 
describe  the  patterns  of  habitat  selection 
and  resource  utilization. 

Of  the  84  projects,  11  were  included  in 
the  species  ecology  category.   This 
represents  13  percent  of  all  research 
activities  sampled  (fig.  1).   Included  in 
this  category  are  projects  relating  to 
nesting  ecology,  foraging  ecology,  range 
extensions,  cavity  nest  predation,  and 
parasite  ecology  (Appendix). 


Avian-Forest  Habitat  Associations 

Zeedyk  and  Evans  (1975)  suggest  that 
more  emphasis  should  be  directed  toward 
developing,  with  the  necessary  supporting 
research,  silviculturally  oriented  avian 
management  alternatives  and  guidelines. 
Among  other  things,  coordinated  monitoring 
of  breeding  bird  populations  would  be  an 
integral  part  of  the  forest  inventory. 
Thus  bird  population  trends  could  be 
correlated  with  shifting  forest  land-use 
trends.   Lennartz  and  Bjugstad  (1975) 
point  out  that  foresters  utilize  various 
continuing  inventory  systems  to  assess  the 
timber  crop,  and  that  as  we  become  more 
knowledgeable  about  which  birds  are 
associated  with  which  forest  types,  it  may 
be  possible  to  incorporate  avian  habitat 
assessments  into  existing  forest  inventory 
systems. 

Nine  of  the  84  projects  reported  were 
classified  under  the  category  of  avian- 
forest  habitat  associations  studies.   This 
represents  11  percent  of  the  current 
research  work  (fig.  1).   Although  projects 
under  this  category  differ  greatly  in 
their  regional  scope,  study  methodology,  and 
specific  objectives,  they  all  attempt  to 
identify  bird  communities  associated  with 
primary  forest  types  and  successional  stages 
in  either  a  portion  of  or  the  entire  South- 
east. 

The  U.S.  Forest  Service  cooperative 
study  with  Clemson  University  (Gathreaux, 
1977)  plans  a  rather  broad  regional  attempt 
at  quantifying  avian  communities  with  forest 


associations.   These  associations  and  the 
resulting  avian  habitat  assessment  system  will 
be  developed  primarily  from  existing 
literature  sources  with  some  field  validation 
(Lennartz,  personal  communication).   The 
feasibility  of  such  habitat  assessment 
systems  is  in  direct  proportion  to  the  amount 
of  information  available  regarding  avian 
community/plant  community  associations  and 
quantified  parameters  of  habitat  suitability 
(Lennartz  and  Bjugstad,  1975).   Fulfilling 
this  need  is  one  of  the  tasks  being  done  by 
the  Southern  Forest  Experiment  Station  in 
Nacogdoches,  Texas,  with  the  objective  of 
elucidating  the  effects  of  stand  structure  on 
bird  population  in  two  limited  but  specific 
forest  types,  in  this  case  the  pine  and 
pine-hardwood  forests  of  east  Texas  (Dicksen, 
1977). 

Studies  such  as  these,  as  well  as  the 
others  in  this  category  (Appendix) ,  may 
provide  us  with  the  basis  for  characterizing, 
on  a  regional  basis,  the  distribution  and 
extent  of  our  avian  resource.   This  type  of 
information  is  basic,  indeed  essential,  to 
intelligent  land  management  planning. 


Quantification  of  Structural  Niches 

In  my  sample,  this  category  accounts  for 
6  percent  of  the  current  research  activity 
(fig.  1).   Five  research  projects  were 
placed  in  this  category.   I  should  point  out 
that  the  title  of  this  category  stresses 
quantitative  efforts,  particularly  those 
utilizing  multivariate  analysis,  as  these 
methods  provide  the  means  to  most  efficiently 
analyze  vast  amounts  of  acquired  information. 

Originally,  the  niche  concept  was  used 
to  summarize  the  general  characteristics  of 
a  species'  natural  history.   This  broad 
definition  has  since  been  redefined  to 
describe  functional  relationships  (Elton, 
1927),  interspecific  interactions,  and 
feeding  and  nesting  preferences  (Conner  and 
Adkisson,  1976).   Several  studies  have 
illustrated  that  both  the  structural  and 
functional  aspects  of  vegetation  are 
important  in  avian  habitat  selection  (Wiens, 
1969;  Anderson  and  Shugart ,  1974).  McArthur  et  al. 
(1962)  by  correlating  bird  species  diversity  with 
foliage  height  diversity  predicted  the 
presence  of  a  bird  species  from  measurements 
of  the  amounts  of  foliage  in  three  horizontal 
layers.   More  recently,  researchers  have 
used  both  univariate  and  multivariate 
analysis  in  approaching  the  determination  of 
a  species  niche  (Cody,  1968;  James,  1971; 
Shugart  and  Patten,  1972). 

Ideally,  niche  information  can  be  used 
by  wildlife  managers  as  a  tool  for  the 
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jreservation  of  wildlife  habitat.   A  good 
inderstanding  of  species  niche  requirements 
is  especially  important  where  timber 
production  and  wildlife  must  coexist 
(Bunnell  et  al.,  1977).   An  analysis  of 
labitat  characteristics  comprising  a  niche 
Is  a  prerequisite  to  rational  application 
Df  land  management  systems. 


Surface  Mining  and  Reclamation 
Effects  on  Avifauna 


the  relative  health  or  degree  of  recovery 
of  a  mined  area  and  are  important  factors  in 
determining  the  degree  of  success  of  a 
reclamation  plan. 

Expanded  quantitative  studies  on  avian 
use  of  surface  mine  habitats  are  a  basic 
prerequisite  to  sophisticated  surface  mine 
reclamation  planning.   Until  this  information 
is  available,  only  rudimentary  management 
will  be  possible. 


Approximately  5  percent  of  ongoing 
ivifaunal  research  is  in  the  area  of  strip 
nine  and  reclamation  impacts  on  avifauna 
(fig.  1).   This  category  accounts  for  four 
3f  the  84  projects  reported.   There  is  a 
paucity  of  information  regarding  both  the 
initial  impacts  of  surface  mining  and  the 
effects  of  various  reclamation  techniques 
on   avifaunal  resources.   To  date  only 
two  breeding  bird  studies  have  been 
completed  on  contour  surface  mines  (Yahner, 
1973;  Garton,  197A).   Information  regarding 
the  avifaunal  resources  on  area  surface 
nines  is  almost  as  sparse,  with  only  three 
studies  having  been  located  (Brewer,  1958; 
Karr,  1968;  Terrel  and  French,  1975).   A 
further  complication  is  that  most  previous 
research  has  been  conducted  on  either 
orphan  mine  lands  or  on  recently  reclaimed 
conventionally  mined  areas. 

With  the  increased  emphasis  on  coal 
as  a  primary  energy  resource  of  the  future, 
both  contour  and  area  surface  mining 
activities  will  be  accelerated  in  our 
southern  coal  production  states  of 
Virginia,  Maryland,  Kentucky,  West  Virginia, 
Tennessee,  and  Alabama.   In  all  of  these, 
surface  mining  has  been  a  major  source  of 
habitat  disruption. 

Prior  to  reclamation  laws,  thousands 
of  acres  were  simply  stripped  and  abandoned. 
The  best  methodologies  for  reclaiming  these 
abandoned  lands  for  the  benefit  of  avifaunal 
iresources  as  well  as  other  types  of  wild- 
life are  poorly  understood  at  this  time. 
We  know  which  birds  live  in  each  general 
habitat  type,  but  quantifying  the  relation- 
ships so  that  specific  reclamation  models 
can  be  constructed  has  not  been  adequately 
achieved  (Samuel  and  Whitmore,  1976). 
Recent  passage  of  the  new  Federal  strip 
mine  legislation,  with  its  back-to-contour 
provision,  adds  a  new  unexplored  dimension 
to  the  reclamation  problem. 

A  knowledge  of  the  avifaunal  utilization 
of  surface  mined  areas  is  an  important 
element  in  evaluating  the  management  of 
reclaimed  areas.   Breeding  bird  population 
parameters  may  be  the  best  indicators  of 


Raptor  Research 

To  date,  few  studies  have  been  addressed 
specifically  to  the  subject  of  raptor 
management  or  conservation.   While  informa- 
tion of  importance  to  raptor  conservation 
has  been  gained  through  studies  aimed  at 
other  goals,  progress  toward  comprehensive 
understanding  of  what  is  needed  to  sustain 
raptor  populations  is  still  in  the  formative 
stages.   As  yet,  most  comprehensive  manage- 
ment efforts  on  raptors  have  been  limited 
to  threatened  or  endangered  species  (Snyder 
and  Snyder,  1975). 

My  sample  indicates  that  this  situation 
has  not  changed  a  great  deal  within  the 
last  several  years.   Excluding  threatened 
or  endangered  species,  I  have  listed  three 
of  the  84  projects  in  the  raptor  research 
category.   These  three  projects  account  for 
4  percent  of  the  ongoing  research  reported 
(fig.  1). 

Additionally,  there  are  10  projects 
dealing  with  threatened  and  endangered 
raptors  listed  under  the  endangered  species 
category.   Much  of  this  work,  particularly 
on  the  Bald  Eagle,  is  directed  toward 
nesting  surveys,  determination  of  population 
status,  and  distribution  patterns. 

While  the  current  emphasis  on  methods 
to  save  the  threatened  or  endangered  raptors 
is  probably  appropriate,  in  the  long  run  we 
should  hope  for  a  broader  program — one  which 
strives  to  ensure  that  those  species  still 
in  relatively  good  shape  do  not  end  up  on 
the  endangered  list. 


Electric  Transmission  Line 
Effects  on  Avifauna 

This  final  category  includes  two 
projects  accounting  for  slightly  more  than 
2  percent  of  the  ongoing  research.   Clearly, 
transmission  line  impacts  have  not  been 
considered  a  priority  research  area  within 
the  last  several  years. 
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There  are  two  distinct  types  of  impacts 
associated  with  electric  transmission  lines. 
The  first  type  of  impact  is  that  associated 
with  the  actual  transmission  line  clearing, 
construction,  and  subsequent  maintenance 
of  vegetation.   These  impacts  are  most 
predominant  where  previously  forested 
habitats  are  converted  to  relatively  narrow 
corridors  of  periodically  maintained  shrub 
vegetation.   The  second  type  of  impact 
occurs  as  birds  strike  the  electric 
transmission  conductors  and  support  towers. 

Currently  the  U.S.  Fish  and  Wildlife 
Service  and  the  Tennessee  Valley  Authority 
are  the  only  agencies  reporting  research 
on  transmission  line  impacts.   The 
Tennessee  Valley  Authority  research  contract 
with  the  University  of  Georgia  addresses 
the  first  type  of  impact,  i.e.,  habitat 
loss  or  vegetative  type  conversions  through 
construction  and  maintenance  operations. 

Currently  very  little  is  understood 
regarding  the  second  problem — birds 
striking  transmission  conductors  and  support 
towers.   As  evidence  of  increasing  concern 
for  this  problem,  a  workshop  is  being 
organized  by  the  Oak  Ridge  (Tennessee) 
Associated  Universities  in  cooperation  with 
the  U.S.  Fish  and  Wildlife  Service  to 
address  this  very  question.   Workshop 
objectives  are  to  determine  the  scope  of 
the  problem  of  birds  striking  transmission 
lines  and  to  produce  guidelines  for  manage- 
ment and  research  on  this  subject. 


PROGRESS  TOWARD  PREVIOUSLY  DEFINED 

INFORMATION  NEEDS 

Having  presented  an  overview  of  ongoing 
and  planned  avian  research,  I  would  like  to 
compare  the  ongoing  programs  and  the 
previously  defined  information  needs  (Table  1), 


The  information  needs  listed  are  the  six 
most  critical  areas  requiring  attention  as 
defined  by  Lennartz  and  Bjugstad  (1975)  and 
listed  earlier  in  the  presentation.   By 
reviewing  each  of  the  84  project  titles  and 
objectives  I  have  made  an  admittedly 
subjective  determination  regarding  the 
information  needs  they  fulfill.   Several 
projects  were  judged  to  satisfy  more  than 
one  information  need.   Therefore,  the 
Number  of  Projects  and  Percent  columns  will 
total  more  than  84  projects  and  100  percent, 
respectively. 

The  information  needs  in  Table  1  are  not 
ranked  in  any  order  of  urgency  with  the 
exception  that  endangered  species  research 
was  given  the  highest  priority  (Lennartz 
and  Bjugstad,  1975). 

It  is  apparent  that  endangered  species 
research  is  receiving  a  great  deal  of 
attention.   Some  may  argue  that  endangered 
species  are  demanding  too  much  attention  at 
the  expense  of  other  wildlife  problems.   The 
fact  remains  that  it  has  been  ranked  as  our 
number  one  research  priority  and  the  degree 
of  emphasis  that  it  is  receiving  is  probably 
justified.   The  current  emphasis  on 
endangered  species  research  is,  however, 
heavily  weighted  toward  the  Red-cockaded 
Woodpecker  (fig.  2). 

Table  1  also  indicates  that  emphasis  is 
being  given  to  the  areas  of  (1)  avian  resource 
distribution,  (2)  impacts  of  forest  manage- 
ment, and  (3)  climax  communities  and 
associated  microhabitat  elements.   The  survey 
revealed  a  lesser  degree  of  activity  toward 
the  final  two  information  needs:   avian/ 
forest  habitat  association  and  avian  niche 
selection. 

Eleven  percent  of  the  current  research 
activity  is  directed  toward  identification 
of  avian/forest  habitat  associations 
(Table  1).   The  concept  of  incorporating 
avian  habitat  assessments  into  existing 


Table  1. — Previously  defined  nongame  avian  information  needs  and  the 
number  and  percent  of  sampled  ongoing  projects  which  contribute 
to  each  as  determined  by  a  survey  conducted  in  October  1977. 


Information  Need 


1/ 


Ongoing  or  Planned  Research 
Number  of  Projects    Percent 


Endangered  Species 
Impacts  of  Forest  Management 
Niche  Selection 

Distribution  of  Avian  Resources 
Avian/Forest  Habitat  Associations 
Climax  Communities  and  Associated 
Microhabitat  Elements 


37 
12 

6 
22 

9 
17 


44 
14 
7 
26 
11 
20 


1^/  Lennartz  and  Bjugstad,  1975 
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forest  Inventory  systems  is  fairly  new.   As 
greater  precision  Is  required  in  assessing 
trends  and  conditions  of  the  avian  resource, 
development  of  a  practical  habitat  assessment 
system  for  all  forest  types  and  successional 
stages  should  receive  accelerated  emphasis. 

Seven  percent  of  the  research  activity 
is  being  directed  to  use  of  multivariate 
analysis  for  quantitative  explanation  of 
the  vegetative  structure  of  the  avian 
habitat  niche.   Cody  (1968),  James  (1971), 
and  Shugart  and  Patten  (1972),  utilizing 
multivariate  techniques,  have  identified 
important  habitat  factors  of  different 
avian  species.   Nevertheless,  the  application 
of  multivariate  statistical  techniques  to 
nongame  bird  habitat  and  its  management 
remains  at  a  minimum  (Mann,  1977). 

Multivariate  statistical  techniques 
can  be  exceptionally  useful  in  optimizing 
management  strategies  for  avian  resources 
and  for  identifying  potential  impacts  of 
change  in  management  policies  (Shugart 
et  al.,  1975).   Both  new  and  experienced 
researchers  should  be  encouraged  to  become 
familiar  with  the  descriptive  power  and 
utility  of  these  techniques. 


AGENCY  INVOLVEMENT  IN  RESEARCH 

As  evidenced  by  Figure  3,  almost 
one-half  (48  percent)  of  the  ongoing  research 
is  being  conducted  by  university  researchers, 
frequently  masters'  degree  or  doctoral 
candidates.   Universities  were  found  to  be 
actively  involved  in  all  eight  categories 
of  avian  nongame  research. 

The  U.S.  Forest  Service  is  involved 
in  26  percent  of  all  sampled  research 
activities;  over  half  of  this  26  percent 
is  being  handled  by  the  Service's  own 
biologists  at  various  forest  experiment 
stations  in  the  southern,  southeastern, 
and  north  central  regions.   The  remainder 
are  cooperative  projects  between  the 
U.S.  Forest  Service  and  various  universities. 

The  survey  indicates  that  the  U.S. 
Forest  Service  is  heavily  involved  in  two 
of  the  eight  research  categories:  threatened 
and  endangered  species,  and  effects  of 
forest  management  practices  on  avifauna. 

Our  National  Forest  wildlife  habitat 
programs  in  the  past  have  sought  to 
maximize  the  production  of  game  species  and 
research  has  been  directed  toward  these 
ends.   However,  one  of  the  greatest 
influences  stimulating  the  U.S.  Forest 
Service's  new  accelerated  research  in  the 
area  of  endangered  avian  species  has  been 


RESEARCH 
AGENCY 

USFS/USFWS  Coop. 
TVA/Univ.  Coop. 

TVA/EPA  Coop. 

Tennessee  Valley 
Authority 

DOE/ Univ.  Coop. 

Department 
of  Energy 

USF  &  WS/ 
Univ.  Coop. 

US  Fish  & 
Wildlife  Service 

State 

USFS/Univ.  Coop. 

US  Forest  Service 

University 


t^'^^^^^^W'^i 


— r~ 
10 


— I — 
20 


30 


40 


— I — 
50 


PERCENT  OF  ONGOING 
RESEARCH    ACTIVITIES 

Figure  3. — Percent  composition  of  agencies 
active  in  sampled  ongoing  nongame  avian 
research  in  the  Southeastern  Region  as 
determined  by  a  survey  conducted  in 
October  1977. 

the  responsibility  placed  upon  Federal 
agencies  by  the  Endangered  Species  Act  of 
1973.   In  addition,  the  Service's  mandate 
and  policy  to  consider  multiple  resource 
management  and  use  of  all  wildlife  species, 
coupled  with  exploding  public  interest  in 
nongame  wildlife,  have  encouraged  greater 
research  emphasis  on  the  unknowns  of  avian 
nongame  management . 

State  agencies  are  engaged  in 
approximately  10  percent  of  the  sampled 
research  activity.   Their  involvement  is 
primarily  with  threatened  and  endangered 
species,  with  funds  being  provided  by  the 
Endangered  Species  Act  of  1973  and 
administered  through  the  U.S.  Fish  and 
Wildlife  Service. 

The  U.S.  Fish  and  Wildlife  Service 
alone,  and  in  cooperation  with  several 
southern  universities,  accounts  for  9  percent 
of  the  ongoing  research.   They  are  involved 
in  a  diverse  mix  of  research  activities 
including  surface  mine  studies,  electric 
transmission  line  impacts,  avian-forest 
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habitat  type  associations,  raptor  research, 
and  endangered  species  research.   The  U.S. 
Fish  and  Wildlife  Service  also  conducts 
and  maintains  data  files  on  the  National 
Breeding  Bird  Survey.   This  survey  was 
started  in  1965  and  was  designed  to  help 
monitor  environmental  quality  by  measuring 
changes  in  abundance  in  North  American 
breeding  birds. 

Research  activities  of  the  Department 
of  Energy  and  university  cooperators 
accounted  for  3  percent  of  the  sample. 
These  research  projects  are  administered 
through  and  directed  by  the  Environmental 
Sciences  Division  of  the  Oak  Ridge 
National  Laboratory. 

Tennessee  Valley  Authority  and  TVA/ 
cooperative  projects  make  up  approximately 
4  percent  of  ongoing  research.   The  TVA 
projects  relate  primarily  to  energy 
production  impacts  on  the  avian  resource 
and  include  research  projects  on  surface 
mining  impacts  and  effects  of  electric 
transmission  lines  on  avian  communities. 


SUMMARY 

Clearly,  both  wildlife  management 
and  research  programs  are  having  to  respond 
to  a  new  wildlife  consitituency.   This 
response  has  been  a  long  time  in  coming 
but  now  seems  to  have  gained  a  firm  hold 
in  what  may  be  described  as  a  new  direction 
for  the  wildlife  management  profession. 

While  hunters  still  comprise  10  percent 
of  the  population,   present  estimates 
indicate  that  a  great  majority  of  Americans 
have  an  active  interest  in  a  broad  spectrum 
of  wildlife  values  other  than  the  produc- 
tion of  a  shootable  surplus.   The  diversity 
of  our  nongame  birds  provides  an  especially 
unique  and  challenging  opportunity  for 
resource  professionals  to  coordinate  the 
management  of  these  species  with  other 
forest  resource  outputs.   Yet,  for  most 
wildlife  professionals,  management  of 
nongame  birds  and  their  habitats  is  a 
new  resource  issue,  and  a  sound  information 
base  for  a  management  program  is  lacking 
for  many  species.   Consequently,  as 
evidence  and  encouragement  to  you,  the 
managers,  that  substantial  progress  is 
being  made  toward  filling  these  information 
voids,  I  have  attempted  in  this  presentation 
to  provide  a  capsule  summary  of  our 
ongoing  avian  nongame  research  program  in 
the  southeastern  region.   I  have  also 
compared  the  ongoing  research  projects 
with  the  critical  nongame  bird  information 
needs  defined  by  Lennartz  and  Bjugstad 
(1975). 


A  summary  of  the  salient  points  of 
the  presentation  is  as  follows: 

1.  Endangered  species  research  accounts 
for  Al  percent  of  all  reported  nongame 
avian  research  in  the  southeastern  region 

2.  Research  on  the  Red-cockaded  Woodpecker 
comprises  almost  60  percent  of  all 
reported  threatened  or  endangered       j 
species  research.   Approximately  one-   I 
third  of  all  Red-cockaded  Woodpecker 
research  is  being  sponsored  by  the  U.S. 
Forest  Service. 

3.  Research  effort  devoted  to  the  effects 
of  forest  management  practices  on 
avifauna  is  the  second  most  active 
research  category,  accounting  for  16 
percent  of  sampled  research.   The  U.S. 
Forest  Service  is  also  the  leader 

in  this  research  effort,  being  either 
directly  involved  in  or  lending  support 
services  to  83  percent  of  the  projects. 

4.  The  development  of  avian-forest  habitat 
associations  constituted  11  percent  of 
the  sampled  ongoing  or  planned  research. 
Once  knowledge  of  these  associations 
is  developed,  monitoring  of  breeding 
birds  populations  can  be  made  an  integral 
aspect  of  continuing  forest 
inventory.   It  may  become  possible  to 
predict  bird  population  trends  associated 
with  shifting  forest  land  use  patterns. 

5.  Effects  of  surface  mining  and  reclamation 
on  avifauna  constitute  a  fairly  small   . 
(5  percent)  portion  of  ongoing  research.! 
With  increased  emphasis  on  coal  as  a    * 
primary  energy  resource  of  the  future, 
surface  mining  activities  will  be  vastlyj 
expanded.   Habitat  in  six  of  our 
southeastern  states  (Virginia,  Maryland,] 
Kentucky,  West  Virginia,  Tennessee,  and 
Alabama)  will  be  heavily  impacted. 
Consequently,  this  area  of  avian  research 
bears  greater  emphasis. 

6.  Aside  from  research  on  threatened  and 
endangered  species,  the  survey  indicates 
that  very  few  raptor  studies  (4  percent) 
have  been  initiated  dealing  specifically 
with  the  subject  of  raptor  management 

on  conservation. 

7.  The  comparison  of  sampled  ongoing 
research  with  information  needs  as 
defined  by  Lennartz  and  Bjugstad  (1975) 
Indicates  that  all  six  critical  informa- 
tion voids  are  currently  receiving 
research  emphasis. 
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Approximately  one-half  (48  percent)  of 
all  ongoing  avian  research  is  being 
conducted  by  universities.   The  U.S. 
Forest  Service  is  the  second  most 
heavily  involved  agency  being  either 
wholly  or  partially  responsible  for 
26  percent  of  all  sampled  research 
activity. 
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The  Forest  Service,  U.  S.  Department 
of  Agriculture,  is  dedicated  to  the 
principle  of  multiple  use  management 
of  the  Nation's  forest  resources  for 
sustained  yields  of  wood,  water,  for- 
age, wildlife,  and  recreation.  Through 
forestry  research,  cooperation  with 
the  States  and  private  forest  owners, 
and  management  of  the  National 
Forests  and  National  Grasslands,  it 
strives — as  directed  by  Congress — 
to  provide  increasingly  greater  service 
to  a  growing  Nation. 


USDA  policy  does  not  permit  discrimination 
because  of  race,  color,  national  origin,  sex 
or  religion.  Any  person  who  believes  he  or 
she  has  been  discriminated  against  in  any 
TJSDA-related  activity  should  write  immedi- 
ately to  the  Secretary  of  Agriculture, 
Washington,    D.  C.     20250. 


\>Q^axirmni  of  Agriculture 
t  Service  General  Jeclf]r]ical  Report  S  E-  15 


May  1979 


FERNS  of  the  Blue  Ridge 
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Southeastern  forest  Experiment  Station 
Aslieuille,  North  Carolina 


FERNS  OF  THE  BLUE  RIDGE 

by 
Arnold  and  Connie  Krochmal 

The  forests  and  open  fields  of  the  Blue  Ridge  provide  ideal  growing 
onditions  for  a  number  of  ferns.  Since  some  of  these  are  evergreen,  ferns 
an  be  seen  in  the  area  during  every  month  of  the  year. 

Ferns  are  old  members  of  the  plant  kingdom,  and  fossil  ancestors  are 
ommon  in  slate,  shale,  and  coal.  All  ferns  belong  to  the  Pteridophytes,  a 
roup  that  also  includes  mosses,  horsetails,  and  quillworts.  These  plants  do 
lot  produce  flowers  or  seeds;  they  reproduce  by  means  of  spores. 

Fern  spores  are  produced  in  structures  called  sporangia,  which  are 
•ome  in  small  clusters  on  the  leaves  or  fronds.  A  cluster  of  sporangia  is 
ailed  a  soriis  (plural  sori).  Son  appear  as  brown  spots  along  the  veins,  at 
he  ends  of  veins,  and  at  the  margins  of  fertile  fronds,  or  sporophyls.  The 
letails  of  the  structure  of  these  bodies  can  be  seen  with  a  simple  hand  lens, 
iome  ferns  have  two  types  of  fronds  (fertile  and  sterile)  that  often  differ 
videly  in  appearance.  The  arrangement,  location,  and  number  of  sori  are 
iften  used  to  identify  species  of  ferns. 

When  the  sporangia  reach  maturity,  they  dry  and  eventually  split  open 
^ith  enough  force  to  release  reproductive  spores.  These  spores  may  be 
arried  long  distances  by  wind  currents.  If  the  place  where  it  lands  is 
uitable,  the  spore  germinates  and  a  new  cycle  of  fern  development  begins, 
iventually  resulting  in  a  new  fern  plant.  Fern  sporangia  may  produce  from 
2  to  over  5(X)  spores  each. 

When  fern  fronds  begin  to  grow  in  early  spring,  some  of  them  have  a 
olled-up  appearance.  The  structure  as  it  then  appears  is  known  as  a 
iddle-head  because  of  a  resemblance  to  the  head  of  a  violin  or  fiddle. 

These  structures  are  considered  delicacies;  they  are  cooked  and 
erved  as  a  vegetable,  and  sometimes  are  canned  commercially. 

Fern  fronds  are  borne  on  stalks  or  petioles  called  stipes.  The  central 
haft  of  the  frond  is  called  the  rachis.  The  fronds  bear  leaflets,  called  pinnae 
singular  pinna),  at  right  angles  to  the  stipe  or  rachis.  When  the  pinna  is  the 
mallest  division,  a  frond  is  described  as  pinnately  compound.  In  some 
ems  there  is  a  further  breakdown  of  the  pinnae  into  units  called  pinnules. 
Then  the  structure  is  described  as  a  double  compound  frond. 

The  three  most  common  fern  families  in  the  Blue  Ridge  are  the  Poly- 
)odiaceae  known  as  true  or  common  ferns,  the  Osmundaceae  or  royal 
ems,  and  the  Ophioglossaceae  or  adders-tongue  ferns. 


The  flowering  fern  members  have  wings  at  the  bases  of  the  stipes,  ai 
produce  clusters  of  fronds  from  a  husky  rhizome.  The  fertile  fronds  a 
usually  smaller  than  the  sterile  fronds,  and  produce  clusters  of  sporang 
that  seemingly  resemble  clusters  of  tiny  flowers.  Hence,  the  comm( 
family  name  which  is  descriptive  if  inaccurate.  Flowering  ferns  are  usual 
large  plants. 

Fronds  on  members  of  the  true  fern  family  vary  greatly  in  shape  ai 
size,  but  most  are  smaller  than  on  flowering  ferns.  They  always  bear  tht 
sori  on  the  underside  of  fertile  fronds.  In  the  spring  they  form  typic 
fiddle-heads  as  they  emerge  from  the  ground. 

The  adders-tongue  ferns  are  small  and  have  one  to  three  muc 
compounded  fronds.  The  sporangia  are  produced  on  a  long-stalked  part 
the  fertile  frond.  Sterile  fronds  are  triangular. 

In  the  past,  some  ferns  were  used  to  treat  diseases.  Asplenium,  tl 
spleenwort,  was  used  for  worms  in  humans.  Many  Polypodiaceae  or  tri 
ferns  contain  a  thick  mucilage  which  was  used  for  a  range  of  diseases.  Tl 
rhizome  has  been  eaten,  and  in  Hawaii  the  fronds  of  one  species  are  used 
perfume  coconut  oil. 

Indians  used  decoctions  of  spleenwort  roots  as  an  eyewash,  for  che 
pains,  and  to  induce  milk  flow  in  nursing  mothers.  The  maidenhair  fern  ro 
was  used  against  diarrhea  and  for  pediatric  problems.  Polypodium  plar 
were  used  to  treat  dizziness  and  headache  and  something  similar  to  dip 
theria  in  children.  A  decoction  of  the  aboveground  parts  was  used  f 
venereal  disease.  Various  species  of  Dryopteris  were  believed  to  comb 
shellfish  poisoning  and  stomach  aches. 

Caution:  Mention  of  former  medicinal  uses  does  not  imply  that  the  trei 
ments  are  effective.  Under  no  circumstances  should  these  plar 
be  used  for  self-medication. 


REPRODUCTION  OF  FERNS 


Upper:    Sori  borne  on  the  end  of  a  vein  on  a 
frond,  and  covered  by  the  turned-over 
edge  of  the  leaf. 

Middle:   Sori  on  a  frond. 


Lower:   A  mature  sorus  splitting  open  and 
ejecting  spores. 


POLYPODIACEAE  Fern  Family 

Maidenhair  fern.  Adiantum  pedatum  L. 

The  fronds  are  forked  and  spreading,  growing  6  to  24  inches  in  height. 
The  stipe  of  the  petiole  has  a  purple  tinge  and  is  markedly  shiny.  This 
species  grows  in  rich,  calcareous,  shaded,  humid  areas. 

Ebony  spleenwort.  Asplenium  platyneuron  (L.)  Oakes 

This  evergreen  fern  has  fertile  fronds,  which  grow  to  15  inches  ir 
height,  and  are  slightly  tufted.  Stipes  are  purple  or  brown,  and  shiny. 
Sterile  fronds  are  shorter;  son  are  very  numerous.  This  fern  prefers 
shaded,  moist  woody  areas. 

Southern  lady  fern.  Athyrium  asplenioides  (Michx.)  A.  A.  Eaton 

The  yellow-green  fronds  are  12  to  36  inches  tall,  with  the  sterile  fronds 
shorter  and  broader  than  the  fertile  fronds.  After  June  or  July,  the  plants 
may  have  a  brown-rust  color.  This  species  may  occur  under  conditions 
ranging  from  dense  woods  to  half-shaded  fields. 

Hay-scented  fern.  Dennstaedtia punctilohula  (Michx.)  Moore 

The  fronds  when  crushed  produce  a  sweet,  haylike  odor.  The  fronds, 
delicate  and  slightly  downy  on  the  underside,  range  in  size  from  12  to  36 
inches.  Unlike  the  other  ferns  in  the  area,  this  one  prefers  open  sunny 
areas. 


FERN  FAMILY 


iouthern  Lady  fern 


<erlile    pinna 


Dinnoe   olt«rnat«'5^ 

Stipe  ond    rochis^^ 
shining   dork   brown^T^^^ 


Spleenwort 


Maidenhair  fern 


Hay-Scented  fern 


Mountain  wood  fern.  Dryopteris  campyloptera  Clarkson 

This  fern  is  doubly  pinnate,  with  triangular  pinnae  below.  The  fronds 
may  grow  to  2  feet  in  length  and  vary  from  evergreen  to  partially  evergreen. 
It  is  found  in  Julian  Price  Park  in  North  Carolina. 

Broad  beech  fern.  D.  hexagonoptera  (Michx.)  Christens. 

The  fronds  are  12  to  15  inches  long,  triangular  in  shape,  and  usually 
broader  than  long.  The  lower  frond  surface  is  downy.  Basal  segments  of 
pinnae  form  a  wing  along  the  rachis.  It  prefers  shaded,  moist  woods  but 
grows  in  a  range  of  situations. 

Marginal  shield  fern.  D.  marginalis  (L.)  Gray  1 

An  evergreen,  or  almost  evergreen,  with  dark-green  leathery  fronds, 
5  to  8  inches  across,  up  to  18  inches  in  height.  The  sori  are  borne  along  the 
margins.  Fronds  occur  in  dense  clusters.  This  species  is  found  on  rocky 
wooded  slopes,  usually  in  full  shade. 

New  York  fern.  D.  noveohoraciensis  (L.)  Gray 

The  fruiting  bodies  are  found  near  the  frond  margins.  The  fronds  vary 
from  12  to  24  inches  in  length,  and  taper  markedly  at  the  basal  and  terminal 
ends.  The  lowest  pinnae  often  are  shorter  than  the  middle  ones.  This 
species  is  found  most  often  in  moist  forest  areas. 

Spinulose  (spiny)  shield  fern.  D.  spinnlosa  (O.  F.  Muell.)  Watt 

The  fronds  often  seem  to  be  growing  in  a  row,  are  about  18  inches  long 
or  6  inches  wide,  and  are  almost  evergreen.  They  often  are  found  growing 
near  rotting  stumps  of  trees.  The  species  prefers  damp  places  such  as 
swamps  and  bogs. 


FERN  FAMILY 


'f]d  Beech  fern 


Wood  fern 


Sensitive  fern.  Onoclea  sensihilis  L. 

This  fern  is  usually  partially  evergreen.  The  erect  fertile  fronds,  IVi 
feet  tall,  usually  growing  in  the  middle  of  the  plant,  survive  all  winter,  and 
the  sterile,  triangular  fronds  die  in  the  fall.  The  fertile  fronds  have  a 
beadlike  appearance  as  the  pinnules  roll  up,  covering  the  sori.  The 
pinnules  of  sterile  fronds  are  opposite,  and  the  rachis  is  winged.  A  folk  tale 
tells  that  when  the  fern  is  picked,  the  fronds  close.  This  species  prefers  high 
moisture  and  at  least  partial  shade. 

Resurrection  fern.  Polypodium  polypodioides  (L. )  Watt  \ 

Fronds  are  yellowish  green  with  a  leathery  texture.  They  are  about  6 
inches  tall  and  I  to  2  inches  wide.  The  lower  surface  may  appear  to  be  gray. 
During  prolonged  dry  periods,  the  fronds  may  roll  up  or  even  die  back,  but 
they  quickly  revive  when  rain  falls.  This  fern  is  common  on  rocks,  on  the 
upper  sides  of  limbs,  and  on  trunks  of  trees. 

I 

Common  polypody.  P.  vir/jinianum  L.  1 

Fronds  are  evergreen,  erect,  up  to  12  inches  in  height  and  2  inches 
wide.  Shading  is  quite  variable.  The  sori  are  produced  between  the  frond 
border  and  the  midrib.  This  stipe  is  glabrous.  This  fern  grows  on  rocks  and 
logs. 


FERN  FAMILY 


iensitive  fern 


Common  polypody 


entire    frond 
gray-scaly 


Resurrection  fern 


Christmas  fern.  Polystkhum  acrostichoides  (Michx.)  Schott 

This  fern  is  found  in  a  range  of  forms.  The  brown  fruiting  bodies  on  the 
underside  of  the  fronds  are  arranged  in  several  patterns,  but  fertile  pinnae 
are  always  at  the  tip  of  the  frond.  The  fronds  vary  in  size  from  6  to  2( 
inches.  The  upper  or  spore-bearing  pinnae  are  smoother  than  the  lower  oi 
sterile  fronds.  The  species  prefers  shaded,  moist  areas. 

Bracken.  Pteridium  aquHinium  (L.)  Kuhn 

One  of  the  largest  ferns,  this  species  may  have  fronds  ranging  up  to  t 
feet  tall.  It  is  not  easily  confused  with  others  in  the  Blue  Ridge.  The  frond?' 
are  somewhat  lance  shaped.  Sori  occur  in  a  continuous  band  around  the 
outer  margin  of  the  pinnae.  This  fern  grows  in  fields  and  thick  woods. 

Chain  fern.  Woodwardia  cierolata  (L.)  Moore 

The  sterile  fronds  vary  from  8  inches  to  2  feet  in  height,  and  have  green 
petioles,  and  look  much  like  sensitive  ferns.  Pinnae  in  this  species,  how- 
ever, are  alternate  and  have  serrated  margins.  The  fertile  fronds  are  taller 
and  have  dark-colored  petioles.  The  sori  are  produced  on  each  side  of  the 
midvein  of  the  fertile  fronds,  and  resemble  two  rows  of  chain  links.  Mid- 
veins  of  sterile  fronds  also  have  two  rows  of  chain  links.  The  species 
prefers  filtered,  partial  light  and  damp  areas. 
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FERN  FAMILY 


Bracken 
fern 


Christmas  fern 


Chain  fern  ^ 
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OSMUNDACEAE  Osmunda  Family 

Three  species  in  this  family  are  found  in  the  Blue  Ridge.  All  three 
prefer  damp  woods.  All  have  stipes  winged  at  the  base.  All  are  large  and 
coarse  with  erect  or  somewhat  spreading  fronds.  The  species  differ  pri- 
marily in  the  appearance  of  sori  and  spores.  < 

1 

Cinnamon  fern.  O.  cinnamonea  L. 

The  name  of  this  fern  comes  from  the  brown  cinnamon  appearance  of 
the  young  fronds  and  stalks.  The  sterile  fronds  range  from  2  to  5  feet  in 
height  and  are  much  taller  than  the  fertile  fronds,  which  are  fuzzy  at  first, 
and  soon  dry.  The  sori  are  a  bright  cinnamon  brown.  Plants  are  often  blue 
green.  This  species  prefers  wet  areas. 

Royal  fern.  O.  regalis  L. 

The  sori  are  borne  at  the  top  of  a  fertile  frond.  The  long-stalked  fronds 
range  from  I  to  5  feet  long,  but  sometimes  are  over  5  feet.  The  arrange- 
ments of  pinnae  resemble  locust  leaves,  and  another  common  name  is 
locust  fern.  The  fertile  fronds  have  few  pinnae,  widely  separated  and  tipped 
by  the  sporangia.  The  sterile  fronds  have  more  pinnae.  The  spores  are  light 
brown  to  tan.  !n  early  spring  the  fronds  are  pink  hued.  This  fern  prefers  wet 
areas  such  as  swamps,  marshes,  and  damp  woods. 

Interrupted  fern.  O.  claytoniana  L. 

This  fern  differs  from  the  other  two  in  that  it  bears  sporangia  in  the 
middle  or  near  the  base  of  a  fertile  frond.  Fertile  fronds  have  several  pairs 
of  small  blackish  pinnae,  which  give  the  plant  a  unique  appearance.  The 
upright  fronds, which  taper  at  the  base  and  at  the  apex,  grow  to  5  feet  in 
height.  This  fern  prefers  dry,  open  glades. 
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OSMUNDA  FAMILY 


Interrupted  fern 
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OPHIOGLOSSACEAE  Adders-tongue  Ferns 

Rattlesnake  fern.  Botrychium  virginianum  (L.)  Sw. 

This  fern  seldom  exceeds  2  feet  in  height.  It  usually  produces  a  sin 
evergreen  frond,  although  it  may  have  two  or  three.  The  fertile  portiot 
produced  on  a  long  stem  on  which  the  tightly  clustered  pinnae  sligh 
resemble  a  snake  rattle.  The  fern  was  once  believed  to  be  a  sure  indicatoi 
the  presence  of  ginseng.  !t  grows  in  heavy  woods,  in  well-drained  soils. 
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TOPIC  1 
THE  RESOURCE  SITUATION 

ABSTRACTS 

CORDELL  and  CLEMENTS 

Urban  Waste  Wood:  A  National  Perspective .-Lasge  amounts  of  metropolitan  solid 
(MS^V)  are  produced  each  year  in  this  country.  Of  this  potentially  important  resource 
waste  is  vastly  underutilized.  In  the  future,  recovery  and  reuse  of  wood  waste  will  be 
more  viable  and  attractive  option.  Comprehensive  study  of  the  resource  and  alternati 
grams  of  utilization  are  needed. 

DENNISON 

FIBREST-A  Tool  for  Quantifying  and  Qualifying  Wood  Residues. -A  compu 
accounting  system,  FIBREST,  has  been  developed  to  aid  the  assessment  of  wood  fit 
dues  generated  in  urban  areas.  Computed  from  survey  questionnaires,  residue  amou 
be  reported  by  industry,  county,  and  town/city  sources  in  10  form  categories  and  3  d 
classes. 

LOGGINS 

Composition  of  Land  filled  Urban  Waste  Residues. -Purpose  of  the  study  was  to  det 
various  quantities  of  wood  waste  being  landfilled  in  the  .Atlanta  metropolitan  area.  A 
was  completed  during  the  summers  of  1977  and  1978.  Information  collected  empha 
large  volume  of  potentially  useful  urban  wood  residue  that  was  being  wasted. 

DAVIS 

Source  Separation— Procedures  and  Practices.— Vrhan  programs  in  source  separation  o 
wood  in  New  Jersey  center  economically  on  two  types  of  programs,  those  which 
remuneration  and  those  which  do  not.  Those  with  a  future  tied  only  to  the  public- 
aspect  appeal  to  have  the  greatest  potential  for  survival. 

COMMINS 

Determination  of  Wood  Content  in  Demolition  and  Construction  H'osfex.-Demoliti 
construction  waste  streams  were  evaluated  on  a  n-ttional  basis  by  a  unique  combina 
empirical  and  predictive  techniques.  National  figures  developed  indicate  55  million  tc 
waste  wood  fraction  of  which  is  22  million  tons,  representing  2  percent  of  the  heatin 
of  aU  U.S.  coal  production. 


URBAN  WASTE  WOOD:  A  NATIONAL  PERSPECTIVE 

H.  Ken  Cordell  and  Thomas  W.  Clements'  » 

Abstract. -La.TgQ  amounts  of  metropolitan  solid  wastes  (MSW)  are 
produced  each  year  in  this  country.  Of  this  potentially  important 
resource,  wood  waste  is  vastly  underutilized.  In  the  future,  recovery 
and  reuse  of  wood  waste  will  become  a  more  viable  and  attractive 
option.  Comprehensive  study  of  the  resource  and  alternative  pro- 
grams of  utilization  are  needed. 

A  tour  of  any  landfill  in  any  metropolitan  U.S.  city  in  any  year  wOl  reveal  that 

mericans,  either  as  individuals  or  througli  business  or  government,  are  discarding 
"I 
'ge  amounts  of  possibly  reusable  material.  Over  90  percent  of  this  metropolitan 

lid  waste  (MSW)  is  landfilled,  burned,  or  dumped  into  the  ocean  each  year  (Grin- 

;ad  1970). 

Methods  of  raw  material  extraction  and  refinement  and  product  manufacture 
d  distribution  have  been  in  the  center  of  technological  and  economic  concern.  But 
ese  systems,  coupled  with  social  concerns,  have  noticeably  excluded  the  recovery  of 
lid  waste.  Modern  methods  of  managing  soHd  waste  as  a  resource  are  only  slowly 
^ing  incorporated.  In  light  of  a  growing  population,  increasing  prosperity  and  con- 
mption,  and  a  diminishing  resource  base,  it  is  of  vital  importance  that  waste  of  all 
rts  be  reduced  through  methods  of  solid  waste  recovery. 

The  U.S.  Forest  Service  is  charged  under  the  National  Forest  Management  Act  of 
'76  (U.S.  Congress  1976a)  to  investigate  the  recovery  of  waste  wood  materials, 
^rough  this  investigation,  it  is  hoped,  a  more  conscientious  program  of  resource  utUi- 
;iii|jtion  will  evolve.  Urban  waste  wood  is  an  integral  part  of  such  management. 
ESTIMATES  OF  QUANTITY 
There  are  many  different  and  somewhat  conflicting  estimates  of  the  amount  of 
jjid  wastes  in  the  Nation.  Among  these,  figures  from  the  Environmental  Protection 
5ency  give  an  idea  of  the  magnitude  of  the  solid  waste  resource  in  the  United  States 
l>r  1971,  EPA  estimated  that  nationally  there  were  4.45  billion  tons  of  soHd  waste 
lese  estimates  include  much  mill  and  mining  waste,  most  of  which  is  rurally  located 
bod  and  paper,  however,  make  up  significant  proportions  of  the  solid  waste  total 
i  weight,  in  1975,  about  4  percent  was  wood.  The  dramatic  increase  in  product  pack 
iing  since  1945  is  largely  responsible  for  these  higli  percentages. 
'I    Wood  reuse,  particularly  of  manufacturing  waste,  is  increasing.  In   1974,  the 
'5DA  report  entitled  "The  Outlook  for  Timber  in  the  United  States"  indicated  that 
proximately  2.8  billion  cubic  feet  of  slabs,  sawdust,  veneer  cores,  and  other  such 
terials  were  being  reused  for  particleboard,  pulp,  fuel,  and  other  products  (USDA 
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FS  1974).  This  figure  represents  an  18-fold  increase  since  1952;  however,  in  1 
1  billion  cubic  feet  of  manufacturing  waste  wood  still  was  not  being  used. 

It  is  important  to  note  that  urban  waste  wood  in  general  is  much  more  con 
nated  than  manufacturing  wood  residues.  EPA  estimates  that  of  the  nearly  5  b 
tons  of  solid  waste,  about  9  percent  (450  million  tons)  is  classified  as  MSW.  01 
MSW,  about  3.6  percent  (16.4  mUlion  tons)  is  wood.  This  wood  is  mixed  with 
joined  to  all  manner  of  debris.  Reuse  of  urban  waste  wood  is  a  complex  underta 

Estimates  of  the  amounts  of  urban  waste  wood,  by  source  and  use,  have 
provided  by  Carr  (1978).  Table  1  shows  that  urban  waste  wood  totals  about  \6A 
lion  tons  and  urban  waste  paper  about  44.5  million  tons.  Together  these  total  61 
lion  tons  of  reusable  resources. 

Table  1. -Sources  and  uses  of  urban  wood  waste  (approximate  annual  figures) 


Source 


Quantity  (air-dry  tons) 


Million  Percent 

Wastepapei  44.515  73 

Waste  timber  products  13.662  22 

Trees  2.800  5 


Total  60.977  100 


Current  disposals  of  these  wastes  are  for: 
Quantity 

Fiber  and  Allied  Products  Million 

Wastepaper  12.330 

Waste  timber  products  1.697 

Trees  0.140 


Total  14.167 

Energy 

Wastepaper  '                                            1 .000 

Waste  timber  products  1.814 

Trees  0.280 


Total  3.094 

Landfill.  Dump,  Incineration,  etc. 

Wastepaper  31.185 

Waste  timber  products  10.15 1 

Trees  2.380 


Total  43.716 


Total  resource  recovery  (fiber  and  allied  products  of  energy)  equals  17.261  million  tons,  or  28 
percent  of  annual  formation. 


Of  this  total,  only  28  percent  (17  million  tons)  currently  is  being  used  (fig.  1). 
>es  include  fiber  and  allied  products  (14  million  tons,  82  percent)  and  energy  (3  mil- 
I  tn  tons,  18  percent),  as  shown  in  figure  2.  Seventy-two  percent  (44  million  tons) 
il  rrently  goes  into  landfills  or  is  incinerated. 

Large  cities  have  massive  amounts  of  waste  wood.  For  example,  Chicago  has 
timated  its  wood  to  exceed  400,000  tons;  Atlanta  has  about  75,000  tons  per  year 
Id  80,000  cubic  yards  of  leaves;  and  Minneapolis-St .  Paul  has  over  300,000  tons  of 
j  n  waste  wood  alone  per  year. 


Figure  1.— Chipping  of  Dutch  elm  diseased  trees  on  the  University  of  Georgia  campus. 

SOURCES  OF  URBAN  WOOD 

The  major  sources  of  urban  waste  wood  are:  municipal  agencies,  which  remove 
^5od  from  residential  trimmings,  construction  sites,  and  street  trees;  commercial 

tiers,  who  discard  such  things  as  pallets  and  packaging;  and  industries  that  manufac- 
e  finished  products  such  as  furniture. 
Waste  timber  products  account  for  13.662  million  air-dry  tons  per  year  and  tree 
«5posal  2  million  air-dry  tons  per  year.  Of  the  waste  timber  products,  47  percent  is 
',moUtion  debris,  31  percent  is  pallets  and  containers,  4  percent  is  dunnage,  and 
'<  percent  is  from  wood  product  manufacturing  (Carr  1978). 

According  to  "The  Outlook  for  Timber  in  the  United  States"  (USDA  FS  1974), 
out  900,000  units  of  housing  are  demolished  each  year.  Because  about  75  percent  of 
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Figure  2. -Wood  chips  falling  from  a  tire  shredder— Cobb  County,  Georgia,  landfill-may  be  util 

by  paper  companies. 

the  U.S.  population  lives  in  urban  areas,  most  of  this  housing  demolition  is  urban. 

Demolition  wastes  are,  unfortunately,  not  homogeneous  and  thus  pose  probl 
in  the  removal  of  contaminating  nonwood  materials.  But  the  sheer  volume  of 
resource  coming  from  easily  identified  points  of  origin  strongly  favors  reusing  tl 
wastes. 

Housing  starts  also  contribute  huge  volumes.  Estimates  are  that  about  2.5  mil 
new  units  of  housing  will  be  built  each  year  during  the  1970's  (USDA  FS  19' 
Unused  construction  lumber  and  trimmings  increase  as  the  number  of  new  u 
increases.  A  report  for  the  EPA  by  the  JACA  Corporation  (1977)  estimates  tonr 
for  construction  and  demolition  waste  at  21 .9  million  tons  annually.  Demolition  w; 
wood  accounts  for  19.3  million  tons,  and  construction  wastes  account  for  2.6  mill 
tons. 


Certain  forms  of  packaging,  especially  at  the  retail  level,  are  used  only  once  before 
lisposal.  Heavy-duty  packaging  such  as  crates,  boxes,  and  dunnage  may  be  reused 
ndustrially  and  commercially,  even  though  lifespans  are  short.  Pallets  have  a  lifespan 
)f  about  3  years  (USDA  FS  1974)  before  they  enter  the  waste  stream. "Approximately 
105  million  pallets  were  made  in  1974  (USDA  FS  1974),  so  there  should  be  an  even 
arger  number  entering  the  waste  stream  today.  Better  design  and  use  of  stronger 
naterials  may  lengthen  their  hfespan,  but  in  time  all  these  materials  will  become  waste. 

The  greatest  single  contributor  of  waste  wood  in  many  cities  is  municipal  govern- 

iient  itself.  Since  the  government  must  prune  and  remove  a  large  number  of  trees  on 

lumicipal  lands  and  streets  and  since  the  average  hfespan  for  a  city  tree  is  only  10 

ears,  it  is  not  surprising  that  large  volumes  of  tree  removal  and  pruning  materials  are 

'c  derated. 


I       Dutch  elm  disease  alone  has  had  great  hnpact  on  the  vegetative  cover  of  many 

'ities  (fig.  1),  especially  northern  cities  where  more  than  half  of  the  planted  trees  were 

ilm.  In  cities  such  as  Chicago  and  Minneapolis-St.  Paul,  there  is  a  flood  of  elm  wood. 

Leaves  and  limbs  of  elm  trees  have  a  high  volume-to-weight  ratio  and  create  problems 

It  landfills  where  fill  space  is  very  limited.  Utihzation  of  this  elm  wood  would  be  very 

Dcneficial. 

!  LEGISLATION  CONCERNING  WASTE  WOOD 

Laws  in  the  United  States  to  encourage  recycling  or  to  discourage  waste  are  few 
ind  weak.  The  problems  and  some  opportunities  with  solid  wastes  have  been  recog- 
Jiized  for  many  years,  but  the  approach  has  been  to  dispose  of  solid  waste  rather  than 
o  reuse  it. 

The  Solid  Waste  Disposal  Act  of  1965  (U.S.  Congress  1965)  was  one  of  the  first 
ittempts  by  Congress  to  address  the  issue.  Its  main  focus  was  on  dump  and  landfill 
3iactices  and  on  environmental  protection  through  safer  disposal  procedures.  The  Act 
ilso  called  for  conservation  of  natural  resources  by  reducing  solid  waste  disposal. 

The  Resource  Conservation  and  Recovery  Act  of  1976  (U.S.  Congress  1976b)  is 
lull  of  language  encouraging— and  even  requiring— planning  to  recover  materials  from 
olid  waste.  Each  state  is  required,  under  the  guidelines  of  the  Act,  to  have  in  its  solid 
^'aste  management  plan  some  discussion  of  recovery  and  recycling;  however,  there  are 
10  requirements  for  implementation  of  those  plans,  so  participation  is  voluntary. 

The  U.S.  Forest  Service  is  involved  in  the  recovery  of  urban  waste  wood  througli 
he  National  Forest  Management  Act  of  1976  (U.S.  Congress  1976a).  The  Forest 
iervice  has  a  legislative  mandate  to  determine  the  reuse  potential  of  urban  waste  wood, 
)ut  the  reduction  of  waste,  which  is  a  key  to  the  problem,  is  not  addressed. 

An  innovative  program  was  begun  by  the  State  of  Oregon  in  1967  to  encourage 
jecycling  and  environmental  protection.  A  law  was  passed  which  provides  tax  relief 
to  encourage  the  construction,  installation,  and  use  of  facilities  to  prevent,  control, 
)i  reduce  air,  noise,  or  water  pollution  and  to  utilize  soHd  waste  by  providing  tax 
lelief  for  persons  who  do  so"  (State  of  Oregon  1967,  Sec.  1).  The  law  was  amended  in 
(973  and  1975  to  allow  for  tax  benefits  to  certified  solid  waste  facilities.  "Such  a 
lacUity  to  be  certified  must  produce  as  an  end  product  a  usable  source  of  power  or 
'ther  item  of  real  economic  value  . .  ."  (State  of  Oregon  1967,  Sec.  2.B). 


REUSE  PROGRAMS  IN  THE  UNITED  STATES 

In  the  U.S.  it  is  difficult  to  find  successful  urban  waste  wood  recovery  progn 
which  are  not  tied  to  energy  production.  Either  there  is  not  enough  information  ab 
nonenergy  uses,  or  the  economic  returns  from  such  uses  have  not  been  sufficient.  M 
likely,  this  lack  of  success  has  been  due  to  the  new  interest  in  recycling  resoun 
which  has  only  recently  prompted  investigation  of  utilization  methods. 

Use  of  wood  for  energy  is  perhaps  the  easiest  option,  since  energy  is  a  unive 
use  for  all  forms  of  wood.  But  this  is  a  final  use;  the  possibility  for  any  further  reus 
gone  once  the  wood  is  converted  to  energy. 

Other  uses  of  wood  include  transformation  into  other  products,  such  as  parti 
board  or  woodchip  mulch.  From  many  of  these  uses,  production  of  energy  from  w£ 
wood  is  still  an  option. 

USE  FOR  ENERGY 

Numerous  wood-processing  companies  have  begun  to  use  their  own  waste  wood 
supplement  the  energy  needed  for  their  operations.  It  has  become  standard  proced 
for  companies  such  as  Weyerhaeuser  and  Georgia-Pacific  to  burn  waste  wood 
energy  rather  than  to  dispose  of  it.  Most  of  these  plants  are  located  in  mral  areas 
little  urban  waste  wood  is  involved,  though  use  of  urban  waste  wood  by  paper  corn 
nies  in  Georgia  has  been  investigated.  Wood  from  the  Cobb  County  landfill  (in  Mel 
Atlanta)  has  interested  Georgia  Kraft,  and  wood  from  the  Chatham  County  (Savann 
landfill  is  wanted  by  Union  Camp.  At  both  landfill  sites,  the  incoming  wood  would 
chipped  and  transported  to  the  plant  site  (fig.  2). 

In  another  example,  wood  from  the  DeKalb  County  landfill  (rjear  Atlanta 
already  being  chipped  and  sold.  The  results  are  not  very  promising  at  this  time,  h( 
ever,  because  of  small  volumes  of  wood. 

In  Portland,  Oregon,  a  company  called  Grenco,  Inc.,  is  purchasing  dunna 
pallets,  demohtion  debris,  and  other  waste  wood  from  manufacturers.  By  a  chipp 
and  contaminant  separation  process,  they  are  creating  material  used  as  boiler  fuel  i 
in  hardboard  manufacturing.  Reports  from  the  plant  indicate  a  steady  deliveny 
chipped  demohtion  debris  from  Portland  to  energy  users. 

Large-scale  use  of  wood  for  fuel  to  produce  electricity  is  underway  in  Burlingt 
Vermont.  The  city  is  now  operating  a  10-niegawatt  generation  plant  fired  solely 
wood.  Burlington  also  is  building  a  new  50-megawatt  plant.  Some  urban  garbage  c 
taining  urban  waste  wood  will  be  burned  in  this  new  plant.  Two  tons/hour/megawat 
needed  for  electricity  generation;  thus,  a  larger  amount  of  wood  is  needed  than  co 
possibly  be  provided  through  use  of  the  city's  waste  wood. 

PeUetizing  wood  to  be  burned  for  energy  is  apparently  gaining  acceptance.  A  lea 
in  the  use  of  this  process  is  Woodex,  Inc.,  of  Brownsville,  Oregon.  The  plant  is  parti 
larly  efficient  and  has  a  daily  capacity  of  125  to  300  tons  of  wood  and  agricultt 
waste.  Although  this  plant  uses  mostly  logging  wastes,  the  process  demonstrate 
technology  applicable  to  urban  waste  wood. 

Different  methods  to  derive  energy  from  wood  are  through  pyrolysis  and  gas 
cation.  In  both  processes,  wood  is  subjected  to  high  temperatures  in  an  oxygen-p( 


environment,  converting  the  wood  into  either  oU,  gas,  or  combustible  char. 

The  Georgia  Forestry  Commission  has  been  involved  in  research  on  these  methods, 
land  two  companies  in  Atlanta  are  currently  using  gasification  to  operate  hardwood  dry 
kilns.  Although  urban  wood  is  not  currently  used  very  much,  application  of  this  tech- 
nology seems  to  be  viable.  The  State  of  Cahfornia  is  investigating  pyrolysis  of  agricul- 
tural wastes.  A  number  of  cities  are  either  burning  their  garbage  for  energy  or  planning 
to  do  so.  Since  wood  is  only  a  small  constituent  of  this  garbage,  these  efforts  are  of 
3nly  passing  interest.  Ames,  Iowa,  is  perhaps  the  best-known  example  of  sohd  waste 
disposal  through  burning  of  refuse  for  fuel.  The  U.S.  Navy  has  also  been  a  leader  in 
this  area. 

Tacoma,  Washington,  and  Columbus,  Ohio,  are  soon  to  begin  energy  recovery 
from  garbage.  This  is  "higli  technology"  since  large  amounts  of  machinery  and 
mergy  are  necessary  to  keep  the  process  going.  A  low  technology  approach  to  the 
'arbage  problems  would  be  source  separation  where  different  kinds  of  recoverables, 
luch  as  glass,  paper,  metal,  and  wood  are  separated  at  the  point  of  discard,  such  as  a 
lome  or  business. 

A  few  cities  have  been  involved  in  impressive  attempts  to  solve  their  waste  wood 
Jroblems.  In  these  attempts,  energy  production  has  been  the  major  product  in  cities 
lUch  as  Chicago,  Madison,  and  Minneapolis-St.  Paul.  The  amount  of  wood  in  Chicago 
;ould  be  as  high  as  1 ,000  tons  of  ovendry  material  per  day.  Estimates  are  that  Chicago 
md  surrounding  municipalities  remove  450,000  tons  of  tree  debris  annually  and  that 
lunnage  and  demolition  waste  may  exceed  200,000  tons  annually.  The  city  hoped  to 
Ind  someone  to  utilize  this  waste  wood  for  conversion  to  energy  when  it  began  looking 
lit  the  problem  in  1976. 

Commonwealth  Edison,  the  major  energy  producer  in  Illinois,  had  no  interest  in 
i  his  waste  wood,  however,  because  of  perceived  technical  and  economic  drawbacks. 
)ther  potential  sources  were  identified,  including  Grenco  Company  of  Portland,  Ore- 
on,  but  no  guaranteed  outlet  for  disposal  was  located. 

The  Metropolitan  Sanitary  District  of  Chicago  also  expressed  an  interest  in  the  use 

l>f  chips  with  their  sludge  composing  project.  Hopes  for  large-scale  uses  of  Chicago's 

jvood  debris  through  burning,  particleboard  manufacture,  or  other  use,  however,  have 

l^ot  been  reaUzed.  Costs  of  collection,  separation  of  foreign  matter,  processing,  storage, 

i  Ind  transportation  have  thus  far  seemed  too  high. 

*'        Madison,  Wisconsin,  and  St.  Paul  are  other  cities  which  have  actively  studied  the 
'  Jossibilities  of  using  waste  wood.  Only  limited  success  has  thus  far  been  realized. 

I  NONENERGY  FORMS  OF  REUSE 

*  The  number  of  programs,  successful  or  otherwise,  involving  recovery  of  nonenergy 
'•  waste  wood  is  relatively  small.  But  there  are  signs  that  technology  is  being  generated 
!nd  that  some  success  is  being  achieved.  Perhaps  the  simplest  type  of  operation  is 
'  jepresented  by  a  project  established  in  Birmingham  by  the  Alabama  Forestry  Com- 
mission. At  a  recycling  center,  paper,  glass,  and  aluminum  are  brought  in,  already  sepa- 
ated,  and  exchanged  for  firewood  or  wood  chips  from  trees  on  city  lands.  In  this 
nanner,  the  recycling  center  is  paying  for  itself  through  receipts  from  materials  sold. 


J 


Birmingham,  which  earlier  was  uninterested  in  the  project,  has  recently  expressed 
strong  interest  in  becoming  more  active  in  such  an  operation.  Huntsville,  Alabama, is 
undertaking  a  similar  project.  These  low  technology  operations  may  be  a  key  to  future 
waste  disposal.  The  cost  of  separation  is  spread  over  large  numbers  of  people,  as  per- 
haps it  should  be. 

Other  cities  involved  in  nonconventional  waste  wood  disposal  include  Toledo, 
Ohio;  Lansing,  Michigan;  and  Atlanta.  Lansing,  forced  by  law  to  eliminate  landfillini 
and  open  burning  of  wood,  adopted  incineration  and  utilization  through  production  o 
firewood,  rough  lumber,  wood  chips,  bark  chips,  and  sawdust.  In  1970,  that  utilization 
program,  run  by  a  private  company,  went  bankrupt  and  the  city  began  chipping  all  o! 
its  own  small  wood  to  use  on  trails,  as  mulch  in  flower  beds,  and  for  various  uses  i 
parks.  All  other  waste  wood  that  the  city  generates  is  taken  to  a  firewood  yard  whicl 
is  open,  2  days  a  week,  to  residents. 

Toledo,  Ohio,  also  forced  to  eliminate  open  burning,  devised  a  recycling  prograrrti 
for  brush  and  logs.  End  products  anticipated  from  the  operation  were:  wood  chips  foDi 
mulch  in  city  parks,  logwood  chips  for  paper  companies,  firewood  for  public  sale^, 
fencing  and  pavers,  and  solid  logs  for  use  in  playgrounds  or  for  sale  to  sawmills.  Down 
lime  caused  by  damage  to  machinery  from  metal  contaminants  in  the  wood  caused 
problems  in  the  operating  costs,  but  officials  felt  that  what  is  being  learned  about  the 
use  of  waste  wood  and  the  environmental  benefits  assure  that  the  effort  will  eventually 
pay  off. 

Atlanta  has  successfully  implemented  a  program  to  divert  city-generated  waste 
wood  from  being  landfilled.  The  city  has  over  5,000  miles  of  rights-of-way  and  4,000 
acres  of  municipal  land  to  maintain.  On  these  lands  there  are  an  estimated  1.5  million 
trees  under  the  city's  care.  Normal  maintenance  produces  large  amounts  of  wasteii 
wood  from  pruning  and  removal.  The  Atlanta  program  involves:  free  firewood  yards,i 
wood  chips,  and  composting.  The  programs  to  use  self-generated  waste  run  smoothlyy 
in  Atlanta,  but  thousands  of  tons  of  private  waste  wood  are  still  not  reused  andi^ 
continue  to  be  landfilled. 

Use  of  wood  chips  with  sludge  composting  has  been  subject  to  experimentation  atd 
the  U.S.  Department  of  Agriculture  test  facility  in  Beltsville,  Maryland.  Implemen-f 
tation  of  a  sludge  composting  project  has  occurred  also  in  Ft.  Lauderdale,  Florida.a 
Wood  from  construction  sites  is  purchased,  chipped,  and  then  mixed  with  sludge  ton 
allow  aeration,  which  causes  quicker  breakdown  of  the  sludge. 

Kellbro  Corporation  in  Sacramento,  California,  makes  mulch  and  garden  additivesti 
from  mill  wastes,  demolition  wastes,  and  street  trees.  The  company  was  producing  ai 
fiberboard  from  waste  until  its  sources  were  depleted,  but  success  with  its  mulchingij 
product  seems  to  be  estabUshed. 

The  manufacture  of  fiberboard  and  chipboard  is  a  growing  industry  because  of"! 
better  technology.  The  Medford  Corporation  in  Medford,  Oregon,  makes  a  mediumn 
density  fiberboard  utilizing  plywood  trim,  planer  shavings,  and  sawdust.  The  material il 
is  refined  and  reduced  to  wood  fiber,  dried,  and  formed  with  resin  into  boards.  Most* 
of  this  waste  material  is  not  now  urban,  but  much  of  it  would  be  landfilled  or  burned d 
if  not  used  for  fiberboard. 
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Williard's  Sawmill  in  Trenton,  New  Jersey,  is  another  example  of  urban  waste 
wood  reuse.  Trees  cut  from  city  rights-of-way  and  from  private  lands  are  purchased  by 
the  sawmill  and  made  into  special  products,  including  tabletops,  plaques,  clockfaces, 
and  lumber.  » 

One  successful  program  is  administered  by  the  New  Jersey  Bureau  of  Forestry. 
Through  this  program,  businesses  generating  wood  residue  are  matched  with  those 
which  have  a  use  for  the  materials.  This  Statewide  program  began  with  a  preliminary 
feasibility  study  in  1970  and  was  implemented  in  1972.  Currently,  four  people  are 
working  with  the  project . 

Examples  of  reuse  include  sale  of  turned  material  to  a  toy  manufacturer  and  sale 
of  bay-window  corners  to  a  company  which  makes  plaques  and  foot  pedals  for  drums. 
In  1977  about  2  million  cubic  feet  of  waste  wood  were  recycled,  with  a  savings  of 
over  $900,000  to  New  Jersey  businesses. 

A  thorough  inventory  of  industry  in  a  city  or  region  would  discover  possibilities 
for  more  efficient  reuse  of  waste  wood. 

SUMMARY  AND  CONCLUSIONS 

Our  estimates  of  the  amount  of  MSW  are  not  very  good  at  this  time.  Generally, 
we  estimate  that  there  are  approximately  500  million  air-dry  tons  of  MSW  annually. 
Between  16  and  17  million  tons  of  this  MSW  are  some  form  of  wood.  Of  this,  we 
currently  use  only  28  percent  for  products  or  energy. 

As  is  the  case  with  solid  waste  in  general  in  the  U.S.,  we  seem  to  be  vastly  under- 
utilizing  a  potentially  important  resource.  It  is  our  strong  conviction  that,  for  a  number 
of  reasons,  recovery  and  reuse  of  urban  wood  waste  will  become  a  more  viable  and 
attractive  option  in  the  near  future.  To  realize  the  full  potential  of  this  option,  we 
should  now  begin  planning  programs  and  conducting  research  (fig.  3).  Our  reasons  for 
suggesting  the  growing  feasibility  of  urban  waste  wood  recovery  include : 


Figure  3.— Whole-tree  chippers,  as  used  here  by  Georgia  Forestry  Commission,  may  be  useful  in 
future  urban  wood  utilization  programs. 
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1.  Rising  costs  and  decreasing  availability  of  forest -derived,  primary  wood  f 
paper,  fiberboard,  and  similar  manufacturing  are  making  alternative  sources  of  wo^ 
fiber  more  attractive.  Income  derived  from  using  urban  waste  wood,  even  though  n 
enough  to  cover  recovery  costs,  wiU  help  offset  the  costs  of  waste  disposal.  This  pote 
tial  income  should  continue  to  increase  at  least  as  fast  as  disposal  costs  and  thus  shoi 
be  viewed  as  a  buffer  against  rising  costs. 

2.  Demand  and  costs  for  energy  are  rising  at  high  rates.  As  the  cost  of  ener 
increases  relative  to  other  costs,  the  option  of  using  wood  (and  other  organic  wastf 
for  energy  production  becomes  more  attractive.  The  Energy  Research  and  Deveic 
ment  Administration  has  estimated  that  by  1985  the  U.S.  will  have  a  quantity  of  so' 
waste  available  to  produce  the  equivalent  of  500,000  barrels  of  oil  per  day. 

3.  Costs  for  landfiUing  operations  and  sites  are  increasing.  In  addition,  space  f 
landfilHng  is  becoming  limited,  to  the  extent  that  locations  are  often  difficult  to  fir 
As  these  costs  rise,  resource  recovery  and  waste  wood  utilization  become  more  a: 
more  attractive  as  a  means  of  reducing  disposal  costs  for  all  solid  wastes.  Comprehe 
sive  recovery  programs  can  reduce  solid  waste  volumes  by  75  to  95  percent. 

4.  Technology  for  waste  wood  recovery  seems  to  be  in  its  infancy.  Systei 
designed  to  produce  energy,  separate  usable  wood  and  other  resources,  and  involve  t 
public  have  been  tested  in  only  a  few  locations  for  relatively  short  periods  of  tirr 
thus,  some  of  the  negative  conclusions  are  perhaps  premature.  There  are  too  mai 
success  stories  and  too  many  changing  conditions  to  conclude  that  wood  recovery 
not  feasible.  We  should  keep  in  mind  that  there  are  many  objectives  involved.  Amo 
these  are:  environmental  protection  through  reduction  of  sohd  waste;  resource  cons( 
vation  through  reuse;  and  partial  cost  recovery. 

If  we  look  only  at  any  one  of  these,  waste  wood  recovery  can  be  viewed  as  a  failui 
If  we  consider  all  simultaneously,  acceptable  and  sufficient  returns  will  be  realized. 

One  of  the  bigger  needs  in  this  area  is  for  comprehensive  study  of  the  resourc 
alternative  programs  of  utilization,  and  the  cost -return  schedules  associated  with  eai 
alternative.  Thus  far  we  really  haven't  done  this. 

Ultimately  we  wUl  have  to  reuse  whatever  resources  we  can.  We  should  beg 
planning  and  testing  alternatives  now  so  that  we  are  prepared  for  these  future  nee 
and  so  that  we  are  creating  a  better  urban  envirorunent. 
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FIBREST-A  TOOL  FOR  QUANTIFYING  AND  QUALIFYING 
WOOD  RESIDUES 

Steven  E.  Dennison' 

Abstract. -A  computerized  accounting  system,  FIBREST,  has  been 
developed  to  aid  the  assessment  of  wood  fiber  residues  generated  in 
urban  areas.  Computed  from  survey  questionnaires,  residue  amounts 
can  be  reported  by  industry,  county,  and  town/city  sources  in  10 
form  categories  and  3  disposal  classes. 


INTRODUCTION 

Wood  fiber  waste  is  produced  in  a  wide  array  for  forms,  types,  and  conditio  i 
Familiar  examples  are  sawdust,  bark,  edgings,  trim,  and  various  types  of  paper  mat(  i 
als.  Other  types  include  pallets,  telephone  poles,  broken  furniture,  wooden  contains 
and  limbs  and  brush  from  yard  and  tree  maintenance. 

Depending  upon  the  source,  one  or  more  types  of  residue  may  be  generated  at  i 
same  locale.  Sawmills  generate  bark,  sawdust,  edgings,  trim,  and  chips  as  byprodm 
Residential  and  commercial  sources  produce  newsprint,  cardboard,  crates,  and  pall 
as  discards,  while  a  printing  and  pubHshing  firm  may  throw  away  paper  cutoffs  a  i 
trim. 

Our  failure  to  apply  either  modern  management  or  modern  technology  to  1 1 
ultimate  disposal  of  this  abundance  has  resulted  in  a  monumental  soHd  waste  proble  i 
Federal  legislation,  such  as  the  Solid  Waste  Disposal  Act  of  1965  (Black  1970),  1i 
Resource  Conservation  and  Recovery  Act  of  1976  (McGlennon  1977),  and  the  h 
tional  Forest  Management  Act  of  1976  (Foley  1976),  has  focused  attention  on  (i 
need  for  recovery  of  these  materials  from  the  Nation's  trash. 

Approaching  the  problem  from  another  aspect,  many  states  and  communit . 
(Mass.  DEH  1971 ;  Massey  and  Dunlap  1975;  US  EPA  1975)  are  setting  specific  guii  i 
lines  for  sanitary  landfills  to  cope  with  the  volume  of  waste  material.  These  guidelii ; 
may  include  strict  regulations  for  burning,  salvage  operations,  and  the  disposal 
woody  materials.  In  the  last  decade,  municipal  governments,  wood-using  industri 
and  other  private  firms  have  also  been  turning  to  these  soHd  waste  piles  as  a  source 
material  to  help  defray  the  rising  costs  of  energy,  raw  material,  and  disposal. 

WASTE  MEASUREMENT 

For  the  potential  user  of  residue  materials,  information  must  be  obtained  on  th  i 
availability  and  reliability  as  a  resource,  their  location,  and  the  forms  in  which  they  i 
generated;  however,  to  date  there  have  been  no  consistent,  comprehensive  methods f'j 
collecting  and  reporting  this  information.  The  heterogeneous  nature  of  residue  ma  -| 
rial  makes  detailed  measurement  difficult.  As  a  result,  most  of  the  completed  invt  i 
tories  were  done  for  specific  reasons  and  the  results  reported  in  an  array  of  units,  th  'i 
making  comparisons  difficult.  I 
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Several  efforts  aimed  at  waste  analysis  (Combustion  Engineering  1969;  Ingram 
and  Francia  1968;  Muhich  and  others  1968)  were  undertaken  using  funds  provided  by 
the  Solid  Waste  Management  Act  of  1965.  These  studies,  for  the  most  part,  were 
national  in  scope  and  resulted  in  the  reporting  of  waste-per-capita  averages  for  the 
country  as  a  whole. 

A  new  approach  in  the  prediction  of  solid  waste  amounts  and  components  was 
introduced  by  the  URS  Research  Company  (Black  and  others  1972)  in  1971,  under 
contract  with  the  U.S.  Environmental  Protection  Agency.  This  method  uses  a  material 
flow  locus  which  assumes  that  waste  generated  in  an  area  is  derived  primarily  from  the 
goods  and  services  consumed  in  that  area.  A  synthesis  approach  is  used  in  which  esti- 
mates and  predictions  of  residuals  are  based  on  knowledge  of  materials  and  quantities 
before  they  become  a  part  of  the  solid  waste  stream. 

Despite  the  obvious  advantages  of  this  system,  it  is  not  without  its  drawbacks— 
the  main  one  being  the  cost  of  implementing  the  system.  An  inventory  of  all  waste- 
producing  activities  in  an  area  must  be  conducted  to  compile  standard  information  on 
the  materials  consumed  per  unit  size  and  time  for  each  activity  type,  as  well  as  to  de- 
fine which  of  these  materials  become  waste.  Smith  (1975)  also  points  out  that  wastes 
not  passing  through  a  production  sector  (e.g.,  removal  of  street  trees)  will  cause 
incorrect  estimates  in  using  this  type  of  system. 

j  Other  studies,  such  as  those  conducted  by  Burry  (1975),  Frame  (1974),  and 
ijQuink  and  others  (1974),  used  surveys  designed  to  quantify  the  multiple  forms  of 
iiwood  residues  in  order  to  encourage  their  utilization.  These  canvasses,  althougli  inex- 
pensive to  implement  and  designed  for  specific  purposes,  found  that  conversion  figures 
varied  widely. 

Because  of  the  marginal  value  of  wood  wastes  and  the  economic  constraints 
surrounding  materials  flow  data,  residue  inventories  usually  resort  to  the  canvassing 
format.  Letter  questionnaires  and  personal  interviews,  if  properly  designed  and  pre- 
lested,  provide  a  relatively  easy  and  inexpensive  method  of  data  procurement.  The 
major  problem  with  this  type  of  system  is  that  there  is  no  general  form  to  follow  in 
Analyzing  the  data.  Each  inventory  is  unique  when  it  comes  to  conversion  figures  and 
Tieasurement  units. 

The  remainder  of  this  paper  will  discuss  another  inventory  system,  F/5er /Residue 
'•rSrmiation  (FIBREST),  which  deals  with  the  problems  associated  with  the  common 
;anvassing  format  (Dennison  1977). 

FIBREST  SYSTEM 

FIBREST  is  a  wood  residue  computer-accounting  system  written  in  standard 

ESI  FORTRAN;  it  is  designed  to  analyze  industrial  wood  residues  in  urban  areas, 
ixamines  survey  returns,  is  flexible  in  its  use,  and  attempts  to  present  the  output 
a  in  a  rational,  readable  fashion. 
It  will  accept  a  variety  of  measurement  units,  while  providing  an  estimate  of  wood 
lesidue  amounts  in  one  reporting  unit  for  a  given  region.  FIBREST  will  report  these 
'.mounts  according  to  their  location,  their  form,  the  degree  to  which  they  are  contami- 
nated, and  how  they  are  currently  disposed. 
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SYSTEM  INPUTS 

Obtaining  a  list  of  wood  residue  generators  (the  starting  point  for  conducting  thi 
inventory)  is  often  the  most  arduous  task  of  the  whole  process.  Sources  that  wouk 
help  in  compiling  this  list  may  include  state  industrial  directories,  state  and  loca 
Chamber  of  Commerce  indexes,  Extension  Service  lists,  and  as  a  last  resort  (althougl 
often  a  good  source),  the  yellow  pages  and  classified  advertisements  in  the  area  to  b( 
surveyed. 

As  this  information  is  obtained,  each  waste  generator  should  be  coded  numericallj 
by  location  (town,  county,  state,  etc.)  and  by  its  Standard  Industrial  Classificatioi 
(SIC)  number.  SIC  codes  can  be  found  in  the  U.S.  Department  of  Commerce's  "Stand 
ard  Industrial  Classification  Manual"  (USOMB  1972).  If  waste  producers  other  tliai 
industry  are  surveyed  (e.g.,  city/town  tree  maintenance  departments),  other  codes  cai 
be  added.  A  partial  listing  of  the  types  of  wood  residue  generators  which  might  bf  i 
included  is  shown  below. 

SIC  Descriptor 

0783  Ornamental  shrub  and  tree  services 

1522  General  contractors 

1795  Wrecking  and  demolition  crews 

2421  Sawmills  and  planing  mills 

2448  Wood  pallets  and  skids 

2499  Miscellaneous  wood  products 

2642  Envelopes 

2711  Newspapers,  publishing 

3732  Boatbuilding  and  repairing 

3994  Caskets 

From  this  listing  the  FIBREST  system  is  capable  of  handling  a  100  percent  sampls 
or  a  partial  sampling  scheme. 
SURVEY  INFORMATION 

Data  requested  on  the  questionnaire,  in  order  to  conform  to  FIBREST,  shoulc 
include: 

1 .  The  amount  of  residue  produced  (an  estimate  often  has  to  suffice)  in  some  uni 

and  time  period. 

2.  A  percentage  estimate  of  the  amount  produced  in  any  or  all  of  10  differeni 

form  classes  (e.g.,  chips,  pallets,  paper). 

3.  A  percentage  estimate  of  the  waste  produced  that  is  contaminated. 

4.  A  percentage  estimate  of  the  waste  material  in  each  of  the  following  categories: 

waste  being  used  by  the  generator,  waste  that  is  sold  or  given  away,  anc 

waste  actually  going  to  a  disposal  site. 
Each  survey  response-the  amount,  the  measurement  unit,  and  the  percentage  in 
the  above  categories— is  recorded  in  a  consistent  manner  on  computer  processing  cards 
according  to  SIC  and  locational  codes. 
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AREA  PARAMETERS 

In  order  for  the  survey  information  to  be  properly  sorted,  other  data  must  also  be 
-ompiled  and  coded.  These  data  include  the  SIC  codes  and  descriptors  being  invento- 
ied  as  well  as  the  total  number  of  firms  in  each  class.  Place  names  and  locational  codes 
jf  the  governmental  units  and  associated  subunits  of  the  area  in  the  survey  (e.g.,  coun- 
ies  and  towns)  are  also  used.  Optional  information  includes  populations  as  well  as  the 
lumber  (and  size)  of  disposal  facilities  in  each  subunit. 
ONVERSION  PARAMETERS 

The  uniqueness  of  FIBREST  lies  in  its  ability  to  accept  the  variety  of  measurement 
!nits  associated  with  the  residue  amounts  on  the  survey  responses  and  to  convert  them 
0  a  specified  reporting  unit.  It  is  this  capacity  that  also  allows  for  a  comparison  with 
ither  wood  residue  inventories. 

The  system  constructs  12  tables,  each  containing  a  matrix  of  conversion  figures. 
iTiese  figures  are  calculated  from  eight  variables  (supplied  by  the  user)  associated  with 
vood  fiber  materials.  For  illustrative  purposes,  the  variables  used  in  a  test  of  the  pro- 
ram  are  listed  below: 

Moisture  condition 

(green  basis)         =   0.50  (dry  is  50%  of  wet) 
1  uncompacted  cord  =   75.0  cubic  feet 
1  uncompacted  cord  =    500.0  board  feet 
1  compacted  cord     =    1 28.0  cubic  feet 
1  cord,  softwood 

(uncompacted)     -   2.5  tons  (green) 
1  cord,  hardwood 

(uncompacted)     =    3.0  tons  (green) 
1  cubic  yard,  paper 

(uncompacted)     =    190.0  pounds 
1  cubic  yard,  paper 

(compacted)         -   500.0  pounds 

The  conversion  tables  are  then  used  in  FIBREST  as  each  survey  return  is  analyzed, 
fsing  the  coded  measurement  unit  on  each  response,  the  total  amount  of  residue  is 
averted  to  the  predetermined  reporting  unit  selected  from  the  following  list : 

dry  tons  wet  tons 

dry  pounds  wet  pounds 

dry  cubic  feet  wet  cubic  feet 

dry  cubic  yards  wet  cubic  yards 

dry  board  feet  wet  board  feet 

dry  cords  wet  cords 

he  system  is  currently  being  modified  to  include  BTU  as  an  additional  reporting  unit. 


17 


SYSTEM  OUTPUTS 

The  residue  amounts  are  calculated,  expanded  to  totals,  and  sorted  for  each  locatioi 
unit  (e.g.,  SIC,  governmental  units).  The  data  are  then  generated  by  FIBREST  in  tab 
ular  form.  This  accounting  format  allows  the  residue  user  to  examine  more  accuratel; 
the  resource  situation  in  the  survey  area. 

In  addition  to  choosing  a  reporting  unit,  the  user  of  the  system  may  choose  any  o 
all  of  the  following  forms  of  output: 

1 .  Residue  account,  by  the  source  of  generation  (SIC). 

2.  Residue  account,  by  each  major  administrative  unit  (e.g.,  county). 

3.  Residue  account,  by  each  subunit  (e.g.,  city/town). 

4.  Conversion  tables. 

5.  Return  statistics  of  the  survey. 

6.  Multiple  listings  of  the  above  choices. 

If  none  of  these  options  is  chosen,  the  output  consists  of  a  single  table  summarizinj 
the  residue  amounts  in  the  surveyed  area.  This  summary  includes  the  physical  compo 
nents  (forms)  of  the  residues  and  how  they  are  disposed— all  by  each  SIC  (source)  code 
Table  1  is  a  partial  illustration  of  this  summary  table. 

Table  1. -Sample  summary  table  showing  physical  components  and  disposal  methods 


Type  of  wood  residue  generators 

Cieneral 

Physical 

Shrub  and 

wood 

Grand 

components 

tree  services 

products 

Envelopes 

Caskets 

total 

(0783)' 

(2499)' 

(2642)' 

(3994)' 

Percent  .  . 

Wood  fines 

_ 

_ 

_ 

_ 

_ 

Sawdust 

— 

28 

— 

3 

18 

Edge  trim 

— 

32 

- 

3 

21 

Limbs 

48 

- 

— 

— 

16 

Chips 

43 

2 

- 

— 

15 

Bark 

g 

1 

- 

- 

3 

Paper 

- 

- 

100 

- 

0 

Misc.  board 

— 

24 

— 

— 

16 

Pallets 

- 

12 

- 

- 

8 

Other 

tons) 

3 

1 

- 

94 

3 

Estimated  total  (Dry 

6,948.7 

13,711.9 

26.7 

218.2 

20,905.5 

Disposal  Methods  Used 

.    Percent.  . 

Internal  usage 

24 

28 

— 

— 

26 

Sold  or  given  away 

54 

63 

- 

100 

60 

Waste  disposal  facility 

22 

10 

100 

- 

14 

Standard  industrial  classification  code. 
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Table  2  provides  an  example  of  the  residue  account  for  one  industry  type  in  a 
egion  that  was  surveyed.  Each  of  the  other  residue  accounts  is  generated  in  tables  of 
imilar  construction.  » 


Table  2. -Sample  residue  account  for  one  industry 


Estimated  amounts 

of  wood  fiber  residues  (dry  tons) 

Residue 

Survey 
amount 

Population 
estimation 

'cod  fines 

10.46 

18.31 

dge/trim 

415.50 

727.13 

hips 

1.20 

2.10 

iper 

0.00 

0.00 

illets 

0.00 

0.00 

iwdust             ' 

1.666.99 

2,917.23 

mbs 

0.00 

0.00 

irk 

409.50 

716.63 

isc.  board 

0.00 

0.00 

ther 

1,638.00 

2,866.50 

mtaminated 

0.00 

0.00 

Estimated  Disposal  Amounts 

ternal  usage 
Tj)ld  or  given  away 

0.00 

0.00 

3,638.25 

6,366.94 

'aste  disposal  facility 

503.40 

880.95 

timated  total  amount 

4,141.65 

7,247.89 

Survey  statistics: 
Net  sent     7 
Net  return  4 
Population  correction  factor 


Percent  sample 
Percent  return 


100.00 

57.14 

1.75 


UTILIZATION  OF  FIBREST 

A  mail  survey  of  600  wood-using  industries  in  three  central  Massachusetts  counties 
(hich  included  69  cities  and  towns)  provided  a  practical  test  for  the  FIBREST 
Sbtem. 

Results  tabulated  by  FIBREST  indicated  an  estimated  amount  of  679,000 
c/  tons  of  wood  fiber  residues  calculated  from  a  27  percent  return  of  the  two-page 
cestionnaire.  Interestingly,  68  percent  of  that  amount  was  contaminated,  having  been 
fiierated  by  wrecking  and  demolition  firms  in  the  region. 

Soon  after  this  test,  a  private  concern  in  the  area,  seeking  to  burn  clean  residues  in 
pice  of  fossil  fuels,  conducted  its  own  survey  to  determine  the  availability  of  uncon- 
tninated  waste  wood.  Tlie  findings  closely  paralleled  those  figures  generated  by 
IBREST  in  the  uncontaminated  categories  (Johnson  1977). 

j    To  the  potential  user  of  wood  residues,  FIBREST  provides  the  opportunity  to 
aess  more  accurately  the  availability  of  the  resource.  By  tabulating,  locating,  and 
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describing  the  amounts  of  waste  wood  in  an  area  as  well  as  noting  its  current  dispo 
sition,  the  user  will  be  better  equipped  to  make  decisions  on  what  is,  normally, 
marginal  resource.  With  these  capabilities,  the  system  can  be  used  for  individual  assesn 
ments  of  the  residue  situation.  Or,  with  its  flexibility  of  reporting  modes  and  convei 
sion  parameters,  it  could  be  used  to  compare  different  waste  wood  inventories. 

In  conclusion,  a  note  of  caution  is  in  order.  For  any  inventory,  the  degree  d 
accuracy  desired  (in  the  measurement  and  reporting  of  data)  is  directly  depcnder 
upon  considerations  of  cost  and  scope.  If  estimates  of  wood  residue  amounts  are  use 
in  FIBREST,  then  only  extensions  of  those  estimates  will  be  reported. 

As  the  potential  of  residues  becomes  more  widely  recognized  and  their  need  as 
resource  more  acute,  waste  wood  measurements  should  become  more  than  just  est 
mates.  Only  then  will  FIBREST,  and  other  systems  like  it,  be  precise  tools  for  resourc 
management. 
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COMPOSITION  OF  LANDFILLED  URBAN  WASTE  RESIDUES 

Tommy  J.  Loggins' 

Abstract  .—Purpose  of  the  study  was  to  determine  various  quantities 
of  wood  waste  being  landfilled  in  the  Atlanta  metropolitan  area.  A 
survey  was  completed  during  the  summers  of  1977  and  1978.  Infor- 
mation collected  emphasized  a  large  volume  of  potentially  useful 
urban  wood  residue  that  was  being  wasted. 

Landfill  surveys  were  conducted  by  the  Georgia  Forestry  Commission  in  thi 
summer  of  1977  and  again  in  the  summer  of  1978.  The  majority  of  the  landfills  v/tn 
located  in  the  Atlanta  metropolitan  area  and  a  smaller  number  in  the  cities  of  Ron)r 
and  Macon,  Georgia. 

The  Atlanta  area  has  increased  rapidly  in  population  and  land  use  in  the  laia 
decade.  Correspondingly,  there  has  been  an  increased  volume  of  solid  waste  going  t 
landfills  and  other  disposal  sites.  An  integral  part  of  this  waste  stream  is  waste  wood  (i 
all  types. 

New  emphasis  is  being  placed  on  reducing  waste  and  recycling  materials  whenevs 
possible.  Since  waste  volumes  have  grown,  resource  potentials  have  increased. 

Reuse  can  also  lessen  disposal  and  landfill  problems.  Disposal  problems  for  woo  I 
residue  are  greatest  in  urban  areas  because  a  dense  population  and  high  industrial  coi>- 
centration  generate  great  amounts  of  waste  wood. 

Disposal  expense,  environmental  regulations,  lack  of  disposal  space,  and  a  growini? 
demand  for  wood  products  create  an  ever-increasing  need  to  recycle  or  reuse  thoji!! 
heretofore  discarded  materials. 

With   the  growing  interest  in  energy  and  recycling,  the  Forestry  Commission 
became  involved  in  determming  the  volumes  of  various  wood  products  going  into  aren 
landfills.  A  total  of  22  landfills  was  surveyed  by  commission  personnel  to  determinitl 
the  relative  amounts  of  various  wood  products.  I 

This  wood  comes  basically  in  two  forms.  Manufactured  items,  such  as  furniture 
crates,  pallets,  and  various  manufacturing  wastes,  represent  approximately  one-ha) 
the  wood  residue  being  landfilled  in  the  Atlanta  area,  according  to  our  study  result 
(fig.  1).  Raw  wood  (stumps,  tree  trunks,  limbs,  and  leaves)  make  up  the  other  compc 
nent  (fig.  2).  This  amount  does  not  include  the  vast  quantities  of  paper  packaging  tha 
is  discarded  in  the  area.  I 

The  survey  was  conducted  by  stationing  an  individual  at  each  landfill  for  a  1  -wee 
period,  typically  from  8:00  a.m.  until  6:00  p.m.,  Monday  through  Friday;  howevei 
hours  varied  and  several  landfills  were  surveyed  on  Saturdays  also. 

As  might  be  expected,  the  quantity  of  wood  residue  and  its  overall  compositio; 
varied  by  day  of  the  week  and  individual  landfills  (table   1).  Some  landfills  wer  ^ 


Forester  Specialist,  Gwinnett  County,  Georgia  Forestry  Commission,  Lawrenceville,  Georgia 
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Figure  1. -Discarded  pallets  are  unloaded  into  landfill. 


Table  1. -Measured  weekly  totals 


Type 


Volume 
(cu.  yd.) 


% 


Weight 
(tons) 


Cords 


kwood 

Th 
Rind  wood 
StTips 
WSd  chips 


8,886.0 

57.8 

740.6 

49.3 

296.2 

49.3 

5,495.6 

35.8 

512.7 

34.1 

205.1 

34.1 

703.2 

4.6 

77.7 

5.2 

31.1 

5.2 

179.9 

1.2 

135.0 

9.0 

54.0 

9.0 

102.8 

.6 

36.5 

2.4 

14.6 

2.4 

15,367.5 


100.0 


1,502.5 


100.0 


601.0 


100.0 


All  tables  compiled  by  Dale  Higdon  from  data  collected  during  the  summer  of  1977.  During 
th  period  a  total  of  22  landfills  was  surveyed.  These  measurements  included  both  government  and 

prate  landfills. 

1 

lolted  near  manufacturing  plants  that  generated  large  volumes  of  waste  wood,  such  as 
dcir  trimmings,  edgings,  and  sawdust.  Others  would  receive  packing  crates,  pallets, 
ar|  other  shipping  containers.  Still  other  landfills,  which  catered  to  residential  custom- 
er would  receive  a  large  amount  of  tree  waste  in  the  form  of  trimmings,  stumps,  etc. 

At  most  landfills,  the  material  was  brought  in  by  truck,  weighed,  and  then  taken 
tOjhe  dump  site.  At  the  remaining  landfills,  it  was  dumped  without  being  weighed.  In 


J 


23 


^ 


■''^  '¥t  'H^^^^H^^^^^^^^^hI^h 

i 

N 

Figure  2. -Typical  wood  residue  generated  in  the  residential  areas  of  an  Atlanta  suburb. 

these  instances,  dumping  fees  were  based  on  truck  volume,  not  weight.  Truck  siz' 
varied  from  pickup  loads  to  tractor-trailer  loads  hauling  50  cubic  yards  or  more.  F( 
commercial  haulers,  25  to  40  cubic-yard  loads  were  the  most  common. 

The  final  dumping  of  the  wood  residue  was  of  two  general  types.  One  mixed  tl 
wood  indiscriminately  with  the  other  waste,  such  as  household  garbage,  plastic,  et 
This  method  was  by  far  the  most  common  since  the  primary  purpose  was  to  buryi 
the  residue  in  as  small  a  space  as  possible.  Most  commercial  landfill  operators  did|||i 
have  any  facilities  for  recycling. 

The  second  method  was  a  separation  type,  where  all  wood  residue  went  to 
separate  site  from  other  waste  and  garbage.  Only  two  landfills  were  operated  by  th 
method,  both  of  which  were  county  government  operations.  The  advantage  of  th 
particular  system  was  that  it  allowed  the  separation  of  usable  wood  materials,  such: 
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tcwood,  specialty  packing  crates,  etc.,  without  posing  a  hazard  to  equipment  oper- 
3  on  or  violating  regulations. 

This  second  method  required  additional  work  for  the  hauler,  for  foreign  materials, 
s.h  as  metal,  wire,  and  garbage,  had  to  be  separated  from  the  wood  to  be  dumped. 
le  other  alternative  is  to  haul  only  wood  products  on  each  load,  a  method  that 
v)iked  particularly  well  for  government  crews  that  hauled  debris  while  another  truck 
f  ked  up  garbage  from  households.  Tree  service  companies  also  benefited  since  they 
hul  loads  composed  mostly  of  wood. 

To  obtain  weights  of  the  various  components  of  wood  debris  (brush,  roundwood, 
simps,  chips,  junkwood,  etc.),  each  load  of  material  was  weighed  and  its  volume 
ditermined  by  measurement.  From  this,  an  average  weight  per  cubic  yard  was  calcu- 
l;ed  for  each  type  of  wood  waste.  Based  upon  the  data  of  this  type  collected  from  the 
to  landfills  with  weight  scales,  conversions  were  possible  for  the  remaining  landfills 
vieie  only  volume  measurements  were  obtained.  A  correlation  between  weight  and 
vlume  was  drawn  for  each  category  (brush,  roundwood,  junkwood,  stumps)  and 
s;cies  (tables  2  and  3). 

Volumes  were  converted  to  cords,  using  weight  as  a  factor.  An  average  cord 
ighs  5,000  pounds,  or  2.5  tons.  In  converting  stumps  to  cords,  90  cubic  feet  were 
iJ^.  Cords  from  wood  chips  were  figured,  using  190  cubic  feet  per  cord  (table  4). 

It  should  be  noted  that  since  the  majority  of  field  observations  was  taken  during 
t^  summer  months,  leaves  remained  attached  to  the  brush.  This  factor  obviously 
a.'ounts  for  some  weight  that  would  not  be  encountered  in  the  winter  months. 

Further,  it  was  assumed  that  due  to  adverse  weather  conditions  in  winter,  the 
f  w  of  wood  residue  wUl  result  in  greater  variability  than  that  encountered  during 
t'  summer.  Ice  storms,  working  conditions,  etc.,  aU  have  an  immediate  effect  upon 
ti'  amount  of  residue  hauled. 


Table  2. -Species  composition 


Species 

Volume 
(cu.  yd.) 

% 

Cords 

% 

'1,: 

lillwood 
otal 

5,905.3 
9,462.2 

38.4 
61.6 

230.8 
370.2 

38.4 
61.6 

15,367.5 

100.0 

601.0 

100.0 
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Table  3. -Category  of  classification 


Category 

Volume 
(cu.  yd.) 

% 

Weight 
(tons) 

% 

Cords 

% 

Tree  parts  ^ 
Junkwood 
Wood  chips 

6,378.7 

8,886.0 

102.8 

41.6 

57.8 
.6 

725.4 

740.6 

36.5 

48.3 
49.3 

2.4 

290.2 

296.2 

14.6 

48.3 

49.3 

2.4 

Total 

15,367.5 

100.0^ 

1,502.5 

100.0 

601.0 

100.0 

Brush  +  roundwood  +  stumps. 


Table  4. -Assumptions 


Brush 

Roundwood 

Junkwood 


Average  weight  per  cubic  yard 
Average  weight  per  cubic  yard 
Average  weight  per  cubic  yard 


186.6  lbs. 
221.1  lbs. 

166.7  lbs. 


5,000  lbs.  (2.5  tons)  per  cord 


Wood  chips 
Stumps 


190  cubic  feet  per  cord 
90  cubic  feet  per  cord 


Weight  of  wood  chips  and  stumps  =  No.  cords  X  2.5  tons 
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SOURCE  SEPARATION-PROCEDURES  AND  PRACTICES 

MUlard  C.  Davis' 

Abstract. -Urban  programs  in  source  separation  of  waste  wood  in 
New  Jersey  center  economically  on  two  types  of  programs,  those 
which  expect  remuneration  and  those  which  do  not.  Those  with  a 
future  tied  only  to  the  public-service  aspect  appear  to  have  the  great- 
est potential  for  survival. 


Source  separation  programs  in  New  Jersey  are  on  the  increase,  from  about  30  pro- 
gams  reported  in  1977  (U.S.  Environ.  Prot.  Agency  1978)  to  over  130  municipally 
fupported  programs  and  an  unknown  number  of  private  operations  as  of  December 
[978.  Until  now  the  major  impetus  for  these  recycling  efforts  has  been  the  drive  of 
private  individuals  and  groups.  A  fluctuating  balance  has,  in  most  of  the  privately  run 
•rejects,  been  struck  between  the  provider  of  recyclable  or  secondary  materials  and 
lusinesses  in  the  secondary  materials  market,  with  homeostat  feedback  loops  keeping 
he  system  in  equilibrium  most  of  the  time.  Choosing  one  point  of  entry  into  this 
ircuit,  to  give  an  example,  a  group  decides  that  it  needs  money,  locates  a  market  for 
ecyclables  it  might  sell,  collects  the  materials,  and  sells  it  to  the  market.  If  the  market, 
ihe  secondary  materials  merchant,  can  prosper  very  much  by  receiving  these  materials, 
jjt  will  offer  a  high  price.  If  the  market  is  down,  the  price  will  drop.  Naturally  the 
Ip-Qup  collecting  the  materials  will  tend  to  match  its  efforts  to  the  strength  of  the 
'tiarket.  In  this  way  the  market  receives  about  what  it  needs  and  suppliers  are  repaid 
3r  their  efforts. 

In  the  case  of  municipally  supported  recycling  programs,  however,  long-term 
ontracts  between  the  supplier  (the  municipahty)  and  the  market  (one  or  more  col- 
lators or  secondary  materials  merchants)  are  being  encouraged  by  the  State  of  New 
ersey  with  floor  prices  and  escalating  clauses.  Now  the  material  will  tend  to  have  a 
;eady  flow  rather  than  a  fluctuating  one. 

tThis  sort  of  program  brings  the  significance  of  recyclables  so  much  to  the  forefront 
commerce  that  the  use  and  continuing  reuse  of  secondary  materials  is  enhanced. 
For  New  Jersey,  the  New  Jersey  Solid  Waste  Management  Act  (c.326.  Laws  of 
75)  and  the  Federal  Resource  Conservation  and  Recovery  Act  (P.L.  94-580;  called 
CRA)  operate  to  promulgate  strong  source-separation  programs.  The  provisions  of 
326,  which  divide  the  State  into  22  Solid  Waste  Management  Districts  (the  21  coun- 
ts and  the  Hackensack  Meadowlands  District),  require  that  each  district,  alone  or 
^intly  with  another,  prepare  a  master  plan  for  soHd  waste  management.  Each  plan 
|ust  include  an  evaluation  of  possible  programs  in  source  separation,  with  the  first 
lans  required  to  be  submitted  to  the  Commissioner  of  the  Department  of  Environ- 
lental  Protection  by  July  26,  1979,  and  the  last  ones  by  January  24,  1980.  Source 
paration  of  urban  waste  wood  will  be  given  impetus  by  the  support  given  to  recyc- 


The  author  is  with  the  Solid  Waste  Administration,  Trenton,  New  Jersey. 
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ling  in  New  Jersey,  which  a  number  of  sources  have  begun  dubbing  "the  Recyc 
State." 

How  much  waste  wood  is  available  from  municipal  solid  waste?  According  to 
"Fourth  Report, to  Congress:  Resource  Recovery  and  Waste  Reduction"  (U.S.  Hnvi  : 
Prot.  Agency  1977)  in  1975,  1.8  million  tons  of  wood  packaging  were  discarded  f  ; 
post-consumer  and  commercial  solid  waste  sources;  not  even  1 ,000  tons  were  repo  t 
as  recycled.  Of  yard  wastes,  26.01  million  tons  were  discarded,  and  again  not  t  / 
1,000  tons  were  recycled.  Many  tons  of  each  probably  were  recycled,  but  the  i ! 
tively  minute  figures  were  dropped  during  the  production  of  massive  accounting.  V 
remains  as  significant  is  the  general  lack  of  commitment  to  recycling  of  waste  w(  . 
much  less  commitment  to  strong  municipal  source-separation  programs,  efforts  wl  I 
are  economic  and  environmental  answers  to  economic  problems. 

In  New  Jersey  the  hard  economics  are  that,  while  we  have  over  300  land 
(serving  567  municipalities  as  well  as  the  other  generators  of  solid  waste),  many  ; 
rapidly  nearing  capacity  and  others  will  be  phased  out  as  not  meeting  the  "sani 
landfill"  definitions  of  RCRA.  Into  these  landfills  in  1977  went  465,348  cubic  y;  i 
of  vegetative  wastes.  Most  of  that  probably  arrived  in  the  form  of  leaves,  but  str ) 
municipal  composting  programs  could  have  significantly  reduced  that  figure  wl  ( 
both  leaves  and  wood  were  picked  up  for  composting.  In  Camden  County  du  i 
1977,  about  19,012  tons  of  tree  and  landscaping  refuse  were  collected  from  30  (ou 
a  possible  37)  reporting  municipalities.  So  tight  has  the  situation  become  there   I 
while  in  1976  the  county  landfills  served  81  percent  of  the  population,  by  the  be ; 
ning  of  1978  only  about  34  percent  (or  about  146,758  tons)  of  the  county's  t) 
solid  waste  was  being  shipped  to  landfills  elsewhere  (Camden  County  (N.J.)  Si 
Waste  Advis.Counc.  1978). 

While  tree  and  landscaping  refuse  does  not  play  a  great  role  in  the  total  munic  | 
refuse  picture  (about  4  percent),  even  a  modest  source-separation  program  could  1 « 
in  that  county.  Neighboring  counties  have  shown  increasing  resistance  to  filling  ti! 
landfills  from  Camden's  overflow. 

As  the  New  Jersey  district  master  plans  are  submitted,  feasible  source-separa  i 
programs  will  obviously  be  looked  upon  with  great  favor  by  the  State  reviev  i 
agencies.  Efforts  in  urban  waste  wood  utilization  can  look  forward  to  a  strong  posi 
response  from  the  Solid  Waste  Administration. 

What  is  being  done  currently  by  municipalities  in  the  way  of  source-separa  i 
programs?  Two  types  of  programs  seem  popular. 

A.  In  the  first  type  the  cost  of  the  operation  is  borne  by  the  agency,  wit! 
direct  remuneration.  A  savings  is  reckoned  from  the  potential  cost  of  i 
only  other  considered  alternative— landfilling.  Four  examples  stand  oul : 

1 .  Collection  of  trees,  most  notably  Christmas  trees,  by  the  municipality  ai 
free  return  of  them  to  the  public  as  chips.  Usually  the  trees  and/or  other  wood  ; 
dues  are  picked  up  at  curbside,  transported  to  a  municipal  site,  chipped,  and  ( il 
dumped  as  chips  at  a  public  site  on  a  designated  day  for  the  citizens  to  come  ^ 
collect. 
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In  one  municipality  of  nearly  70,000  people,  an  estimated  750  yards  of  com- 

icted  Christmas  trees  were  last  year  returned  to  the  public  as  180  yards  of  chips.  The 

ily  constraint  placed  upon  people  coming  to  collect,  which  was  done  in  the  parking 

t  of  a  local  high  school  on  two  Saturday  mornings,  was  that  they  take  away  no  more 

an  four  containers  worth;  no  one  monitored  this  closely  however.  Fifty  yards  were 

ft  over,  and  these  went  for  municipal  mulching  needs.  The  cost  to  the  town  was  esti- 

ated  at  about  $200.  This  amount  was  figured  on  the  saving  of  dumping  costs  (about 

'  ,200),  minus  labor  and  other  direct  costs,  as  well  as  those  associated  with  owning 

*  /o  chippers,  valued  at  about  $5,700  each,  which  are  able  to  cut  sections  of  wood 

feet  by  3  inches  in  1  second,  large  ones  taking  longer.  Such  a  service  has  been  oper- 

■iing  for  4  to  5  years. 

2.  Another  municipality  of  about  58,000  people  includes  free  2-foot  lengths  of 
:  ewood  in  its  program.  Both  chips  (cut  up  by  two  municipal  chippers)  and  firewood 

;e  derived  from  trees  and  branches  collected  throughout  the  year  and  are  stored  at 
e  end  of  a  dead-end  street  where  people  can  come  for  them  any  time.  Some  of  the 

jips  are  used  by  the  municipality  itself,  as  mulch  in  parks,  etc.,  and  some  of  the  fire- 
jod  is  used  in  one  of  the  maintenance  buildings,  which  is  heated  solely  by  a  wood 

i)ve.  Christmas  trees  play  no  role  in  either  aspect  of  this  program,  for  they  are  picked 

J I  by  a  private  collector. 

3.  In  the  case  of  a  County  Park  Commission,  trees  are  collected  if  there  is  enough 
I  a  load;  otherwise,  people  are  welcome  to  drop  them  off  themselves.  About  2,100 
mristmas  trees  were  acquired  under  this  program  last  year.  All  the  trees  or  parts 
lereof  are  chipped  by  the  park,  stored  until  spring,  and  then  used  as  mulch  in  orna- 

'  tntal  beds  and  around  the  Commission  buildings. 

i;  4.  In  still  a  fourth  situation,  a  municipality  of  about  1 10,000  people  collects  trees 
id  branches  (as  available  or  necessary)  and  chips  them.  Some  of  the  chips  are  used  by 
lie  municipality  itself  as  mulch;  the  rest  are  unloaded  onto  State  property,  from  which 
fe  State  takes  them  for  use  in  parks  and  elsewhere. 

B.  In  the  second  type  of  source-separation  program,  there  is  some  direct  return  on 

I  the  investment  by  making  direct  sales  of  chips  and/or  firewood  to  individuals. 
j  Here  three  cases  will  suffice: 
!  1 .  For  8  years  a  pair  of  municipalities,  with  populations  of  about  20,000  and 
•DOO,  has  cooperated  in  a  broad-scale  source-separation  program,  part  of  which  has 
itluded  Christmas  trees.  The  program  began  as  far  back  as  1970-71  with  volunteers 
iim  the  community  and  members  of  the  civic  environmental  committees,  which  soon 
fcluded  members  of  the  municipal  Environmental  Commission.  From  December  1971 
coward,  township  sanitation  crews  were  provided  to  handle  curbside  newspaper  coUec- 
1m  and  to  maintain  the  six  recycling  stations;  in  addition,  there  was  some  private 
drbside  collection  on  the  monthly  basis  under  a  contract  which  stipulated  a  return  of 
I  percent  of  the  income  from  sale  of  the  newspaper.  Heavy  use  was  made  of  remind- 
i&  via  local  newspapers,  community  letters  and  notices,  radio  station  broadcasts, 
listers,  and  displays.  Guidebooks  and  programs  for  schools  were  available ,  and  many 
immunity  groups  (ecology  committees,  school  students,  scouts.  League  of  Women 
oters,  Welcome  Wagon,  etc.)  pitched  in.  The  intake  was  annually:  250  tons  of  waste 
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newspapers,  125  tons  of  glass,  60  tons  of  tin  and  aluminum,  500  to  1 ,200  old  t  |l 
phone  books,  3  to  4  tiuckloads  of  "old  but  still  usable"  household  items  for 
Rescue  Mission,  and  1,000  Christmas  trees  recycled  into  mulch  and  sold  to  reside 
The  average  annual  profit  for  the  town  of  20,000  people  was  considered  to  be  ab 
$3,000.  Figures  for  1975  show  a  slight  loss  in  the  Christmas  tree  program.  One  tl 
sand  Christmas  trees  were  chipped  and  placed  in  560  bags  as  mulch,  then  sold  at 
per  bag,  resulting  in  an  income  of  $140.  The  township  saved  an  estimated  $46  in  k 
fill  and  trucking  costs.  The  chipper  was  paid  $221.  The  loss  of  $35,  however, 
obviously  absorbed  in  the  overall  gains  from  the  program. 

The  curbside  recycling  program  has  recently  been  dropped,  and  with  it  went 
wood  source-separation  project.  At  present,  bins  are  available  at  two  sites  for  pec( 
to  bring  in  newspapers  and  glass,  separated  by  color,  which  are  picked  up  by  a  pri^r 
collector.  The  Christmas  trees  are  picked  up  by  the  municipality  and  dumped  in  a  sa 
wooded  area. 

2.  In  another  municipality  of  about  45,000  people,  located  in  the  most  induslsi 
part  of  New  Jersey,  tree  cuttings  alone  are  sold.  Tliey  are  offered  on  Saturday  moi 
ings  between  8  a.m.  and  1  p.m.,  primarily  from  November  to  March,  at  10(/  per  pitli 
with  only  30  pieces  allowed  to  be  taken  away  per  car.  This  year  more  was  sold  t 
ever  before.  The  program  costs  the  town  more  than  it  makes,  primarily  for  the  lala 
of  three  or  four  men  splitting  wood.  Though  the  going  price  of  the  wood  sectioric 
only  one-half  that  of  local  commercial  prices,  not  enough  is  sold  here  to  draw  ai 
plaints.  Still,  the  temptation  to  steal  is  reduced  by  piling  the  wood  in  a  fenced-in  a 
behind  a  park. 

Although  this  municipality  has  a  strong  curbside  source-separation  programul 
used  newspaper  and  glass,  the  operation  for  wood  is  kept  separate. 

3.  Another  municipality  of  about  25,000  people  in  the  same  general  area  hM 
slightly  more  structured  price  system.  Here  cordwood  is  sold  by  the  rick  ($5),  quain 
cord  ($10),  half-cord  ($20),  and  full  cord  ($36).  Unfortunately,  since  the  wooio 
stored  openly,  most  of  it  is  stolen.  As  a  result,  splitting  is  delayed  until  the  selling  tt 
in  October.  This  program  is  viewed  as  perhaps  more  of  a  liability  than  an  asset  becai 
of  the  number  of  serious  injuries  which  occur  to  municipal  employees  during  split|i 
which  is  done  by  a  machine. 

What  supports  apparently  successful  municipal  programs  in  source  separation! 
waste  wood? 

1 .  Putting  the  program  on  a  public  service  basis  where  there  is  no  attemplp 
create  a  money-making  operation.  Most  so-called  recycling  programs  try  to  appea' 
economically  self-supporting,  even  as  profit-making.  Rises  and  crashes  are  frequ 
and,  as  a  result,  entry  into  such  programs  is  often  considered  as  poHtical  death 
elected  officials.  , 

2.  Results  which  reach  into  another  area,  especially  a  nonessential  but  forwifl 
looking  one.  In  one  municipality,  wood  chips  are  not  only  distributed  to  parks. ij 
around  municipal  buildings,  as  well  as  to  the  public,  but  at  least  one  official  consic-'l 
them  potentially  useful  in  helping  condition  soil  in  an  area  which  is  being  left  "natur. 


30 


J 


entially  as  a  municipal  wild  preserve.  This  person  also  sees  value  in  allowing  the  final 
uer  on  landfills  to  go  wild,  establishing  wild  parks. 

What  can  bring  down  urban  wood  programs?  ^ 

I  1 .  Being  tied  to  another  program  which,  while  presently  very  promising  in  one 
',:e,  has  a  history  of  fluctuating  success  elsewhere.  While  recycling  industries  in  New 
«5ey  appear  to  be  in  excellent  health,  municipal  programs  in  source  separation  have 
,;  enough  ups  and  downs  to  render  them  uncertain  bases,  unless  perhaps  the  whole 
ending  effort  is  declared  a  public  service,  or  even  associated  with  a  national  necessity 
il)road  scope. 

2.  Failure  to  accomplish  the  plain  mechanics  successfully,  such  as  handling  ma- 
hery,  in  a  way  which  results  in  accidents  that  mar  the  program. 

In  conclusion,  not  only  do  the  requirements  of  the  new  solid-waste  laws  offer  a 
It/  lift  to  source-separation  programs,  but  a  new  operation  being  considered  by  the 
'ipden  County  Shade  Tree  Commission  may  prove  to  be  a  way  of  increasing  markets: 

Trees,  tree  wastes,  and  wood  products  now  contribute  significantly  to  the  prob- 
em.  During  the  sixteen-year  period  between  1955  and  1971 ,  over  120  million  cubic 
eet  of  wood  residues  from  land  clearing  were  destroyed  in  New  Jersey  alone— 
;nough  lumber  mass  for  the  construction  of  some  37,000  average  homes.  These 
tatistics  were  compiled  at  a  time  when  open  burning  was  the  accepted  means  of 
lisposal.  With  1973  came  the  prohibition  of  this  method,  resulting  in  this  inordi- 
late  amount  of  usable  wood  waste  becoming  a  key  component  in  the  solid-waste 
iiisposal  dilemma. 

The  implementation  of  a  Waste  Wood  Recycling  Facility  in  Camden  County 
hows  great  promise  for  helping  to  alleviate  these  conditions  in  the  future.  Waste 
vood  heretofore  earmarked  for  disposal  can  be  rechanneled  through  the  facility— 
ither  directly  to  the  proposed  Lakeland  site,  or  indirectly  througli  the  establish- 
rient  of  four  to  six  transfer  stations  strategically  situated  throughout  the  county. 

At  the  facility  itself,  the  material  would  be  sorted  first  into  a  tree's  component 
larts;  i.e.,  tops,  large  branches,  leaves,  boles,  stumps,  etc.  Next,  further  separations 
s  to  quality  and/or  species  would  be  performed  (a  lumber  mill  might  be  interested 
1  purchasing  certain  species  of  oaks  for  use  in  veneer  production).  A  metal  detector 
/ould  ensure  against  equipment  damage  due  to  hidden  hardware  within  the  tree. 
x)wer-quality  logs  would  be  cut  into  uniform  lengths,  to  be  split  as  firewood. 

The  Shade  Tree  Commission  of  Camden  County,  working  in  cooperation  with 
le  Camden  County  Municipal  Utilities  Authority,  the  N.  J.  Bureau  of  Forestry, 
nd  Cook  College,  Rutgers  University,  has  found  a  great  potential  use  for  wood 
liips  produced  at  the  facility  in  the  City  of  Camden's  Sewage  Sludge  Composting 
Jrogram.  Under  this  program,  wood  chips  are  currently  being  purchased  on  a  con- 
bctual  basis  from  a  major  area  land-clearing  operation.  The  chips  are  combined 
Vith  dewatered  sludge  at  a  ratio  of  two  parts  chips  to  one  part  sludge,  then  stacked 
ji  composting  pUes  and  aerated  to  hasten  the  decomposition  process.  The  end 
iroduct  is  suitable  for  use  especially  as  a  growth  medium  for  nurseries,  and  in  slope 
tabilization.  The  participants  in  the  program  have  expressed  a  great  interest  in 
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obtaining  wood  chips  for  this  operation  from  the  proposed  Camden  County  facilit 
This  program  in  particular  is  definitely  a  progressive  step  toward  wise  utilization 
two  "waste"  sources. 

In  addition,  with  procurement  of  a  front-end  loader  equipped  with  power  tal< 
off  (a  necessity  to  all  operational  phases)  and  a  single  attachment,  leaves  fro 
municipal  collection  rounds  can  be  stacked,  aerated,  and  decomposed  into  a  fii 
organic  material  perfectly  suited  for  farm  and  garden  soil  enrichment.  This  mater 
could  be  made  available  to  low-  and  moderate-income  families  who  grow  their  ov» 
food. 
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DETERMINATION  OF  WOOD  CONTENT  IN 
DEMOLITION  AND  CONSTRUCTION  WASTES 

James  A.  Commins' 

^/^sfrac'f. -Demolition  and  construction  waste  streams  were  evaluated 
on  a  national  basis  by  a  unique  combination  of  empirical  and  predic- 
tive techniques.  National  figures  developed  indicate  55  million  total 
tons,  the  waste  wood  fraction  of  which  is  22  million  tons,  represent- 
ing 2  percent  of  the  heating  value  of  all  U.S.  coal  production. 

INTRODUCTION 

Forty  years  ago  the  practice  in  demolition  and  construction  was  to  save  and  sell 
1  used  materials.  In  fact,  many  demolition  and  construction  companies  had  a  thriving 
iiness  in  used  lumber.  As  labor  costs  increased  and  powerful  wrecking  equipment 
);ame  available,  hand-wrecking  (which  made  possible  the  utilization  of  used  lumber 
new  construction)  became  economicaUy  unfeasible.  Today  it  is  practically  extinct. 
[ ;  wood  fraction  of  demolition  and  construction  waste  is  generally  in  shattered  form, 
reed  with  other  debris,  and  disposed  of  at  landfills. 

Two  factors  have  signaled  the  need  to  alter  this  process.  Regulations  on  solid  waste 
l30sal  were  tightened,  dramatically  increasing  the  trucking  distances  to  acceptable 
ijbosal  sites  and  raising  the  dump  fees  because  of  increased  site  preparation  and  oper- 
ilig  costs.  During  the  same  period,  the  United  States  got  its  first  taste  of  energy  short- 
ies and  much  higher  energy  costs.  These  two  factors— high  disposal  rates  and  high 
Ji'rgy  costs— are  responsible  for  the  interest  in  waste  wood. 

[  Prior  to  1975,  considerable  work  had  been  done  in  analyzing  municipal  household 
^^tes  and  examining  energy  options.  A  fundamental  knowledge  for  any  production 
Dlration  is  the  availability,  quality  (constituents  in  the  case  of  waste  streams),  and 
:k  of  feedstocks  on  which  to  base  production  estimates.  While  such  data  were  gener- 
if  available  in  the  case  of  municipal  waste,  no  such  comparable  condition  prevailed 
fcdemolition  and  construction  waste. 

f  In  July  1976,  EPA's  Office  of  Solid  Waste  Management  awarded  to  JACA  Corpo- 
rajon  a  contract  to  determine  the  energy  potential  from  construction  and  demoUtion 
W|[te.  This  work  was  completed  in  February  1977,  and  the  final  report  issued  in  April 
Dthat  year.  I  was  the  principal  investigator  for  that  work,  which  is  the  subject  of  this 
pj'er.  The  interest  in  this  work  might  be  not  only  with  the  findings,  but  also  in  the 
njthodology  applied,  since  it  uses  human  estimates  in  an  optimal  balance  between 
5?ipling  and  measurement  error. 

Before  this  study  was  conducted,  there  were  only  sketchy  data  on  the  wood 
Frkion  in  demolition  and  construction  wood  wastes.  What  little  data  there  were 
3>ibited  large  variations,  some  700  percent.  The  goal  of  the  study,  therefore,  was  to 
diermine  the  flow  and  percentage  of  wood  waste  with  a  nominal  predicted  accuracy 
oi 30  percent. 


President,  JACA  Corporation,  550  Pinetown  Road,  Fort  Washington,  Pennsylvania  19034. 
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Predictive  or  empirical  tecliniques  might  be  used  in  determining  the  combu 
fraction  of  demolition  and  construction  waste.  Predictive  techniques  involve 
mining  the  composition  of  buildings  presently  being  demolished  on  the  basis  of  k 
edge  of  materials  and  quantities  and  construction  techniques  generally  emp 
during  the  time  of  construction.  Information  concerning  the  age  of  structures  d 
ished,  as  well  as  the  number  of  razed  units  of  each  construction  type,  is  emplo; 
conjunction  with  information  on  number  of  buildings  demolished,  average  numl 
cubic  yards  of  waste  generated  per  building,  and  the  density  of  the  waste  per 
yard  to  yield  the  total  number  of  tons  of  combustibles  available. 

There  are  limitations  on  predictive  and  empirical  techniques.  Those  affectii 
predictive  technique  have  been  summarized  in  a  report.^  First,  estimates  of  bu 
composition  at  demoUtion  will  incorporate  errors  since  alterations,  additions 
replacements  take  place  after  the  building  is  constructed.  Second,  the  set  of  bui 
being  demolished  is  not  a  homogeneous  combination  of  all  types  and  sizes,  and  tl ; 
of  the  computed  content  of  the  average  building  may  differ  significantly  from 
being  razed.  Third,  clean  fill  or  waste  not  containing  wood,  metals,  or  plastics  m 
short-circuited  and  never  reach  the  dump  site.  Fourth,  on  many  jobs,  the  demo  If 
contractor  leaves  any  basement  or  foundation  intact,  and  fills  the  basement  |l 
nonwood  waste  from  the  structure.  Any  waste  so  diverted  is  not  truly  available    I 
part  of  predictive  estimates. 

Empirical  sampling  involves  actual  analysis  of  representative  waste  stream 
inferences  made  on  the  total,  based  on  this  sampling.  It  also  has  some  drawl | 
First,  sampling  involves  the  random  selection  of  sites  and  times  of  observations 
often  not  possible  to  achieve  this  randomness  because  of  time  and  budget  consti  i 
To  the  extent  that  randomness  is  lacking,  errors  may  enter  into  the  estimation  pr^  i 
Second,  measurement  error  is  involved  in  making  the  empirical  findings. 

In  this  study  we  employed  a  combination  of  empirical  and  predictive  techn  c 
to  develop  estimates  of  the  annual  amount  of  construction  and  demolition  wast 
the  fraction  of  that  waste  which  is  wood.  Our  study  found  that  the  United  M 
annually  produces  55  million  tons  of  waste  from  demolition  and  construction 
ities;  that  waste  wood  accounts  for  22  million  tons  (40  percent)  of  this  total;  tha  i 
waste  wood  has  a  heating  value  of  3.75  X  10''*  BTU,  or  about  2  percent  of  the  e 
derived  from  coal  in  this  country  annually.  The  amount  of  waste  wood  and  its  U 
potential  discarded  by  various  cities  is  shown  in  table  1 . 

An  important  finding  for  the  design  of  any  waste-process  facility  that  uses 
waste  from  demolition  and  construction  activities  is  the  bimodal  distribution  c 
wood  content  in  the  waste  arriving  at  a  landfill.  A  frequency  distribution  plot  f 
loads  was  developed  during  training  of  field  observers  (discussed  later).  The  same  1^ 
eral  type  of  distribution  occurred  in  field  tests  at  29  sites  in  10  cities.  This  distrib 
has  important  implications  for  the  design  of  a  recovery  facility  since  it  affects  st  jj( 
area,  storage,  and  separation. 


,i\ 
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le  1.- Annual  tons  and  BTU  potential  of  wood  waste  from  construction  and  demolition  wastes 

of  10  cities  in  1976 


City 


Thousand  tons 

BTU  potential 

190 

3.3  X 

10l2 

670 

ll.Ox 

10l2 

400 

6.9  X 

10l2 

110 

1.9  X 

10l2 

490 

8.5  X 

10l2 

67 

1.1  X 

10l2 

230 

4.0  X 

10l2 

42 

.72  X 

10l2 

100 

1.8  X 

10l2 

67 

1.2  X 

10l2 

237 

4.0  X 

10l2 

2,366 

39.9  X 

10l2 

idelphia 

Angeles 

ago 

ston 

oit 

ni 

.ouis 
Inta 

burgh 
jieapolis 

verage 
Total 


METHODOLOGY 

At  the  outset  of  the  study,  it  was  intended  that  the  following  equation  would  be 
M  separately  for  demolition  and  construction  waste  to  arrive  at  the  number  of  tons 
^:pombustible  debris  generated  annually  from  demoHtion  and  construction  activities: 


Average  yd 
building 
(1) 


X 


tons         buildings  demoHshed  or  constructed 


X 


year 
(3) 


i     = 


X    %  combustible  by  weight 

(4) 
tons  of  combustible 


year 


jj  (1)  was  determined  from  primary  data  obtained  from  members  of  the  demolition 
M  construction  industries; 

I  (2)  was  calculated  from  the  weiglits  of  30  sample  truclcloads  of  demoHtion  waste 
ir|  30  sample  truckloads  of  construction  waste  of  known  volumes; 

I  (3)  was  determined  by  extrapolation  from  the  figure  on  total  number  of  residential 
)i|dings  demolished  in  the  United  States,  found  in  U.S.  Bureau  of  Census  Report  C45, 
oobtain  an  annual  figure  on  all  categories  of  residential,  commercial,  and  industrial 
hidings  demolished.  Extrapolation  was  based  on  the  ratio  of  residential  buildings 
::cstructed  or  demoHshed  to  nonresidential  buildings  (commercial  and  industrial) 
xstructed  or  demolished.  Data  were  derived  from  the  annual  buUding  construction 
IT  demolition  permit  records  of  the  10  cities  visited.  These  calculations  are  based  on 
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the  number  of  buildings  demolished  or  constructed  after  issuance  of  a  permit;  the] 
not  cover  unpermitted  operations.  Unpermitted  operations,  which  occur  most  ofte 
rural  areas  where  levels  of  demolition  activity  are  low,  are  expected  to  represe 
negligible  part  of  the  total  activity. 

(4)  was  obtained  from  statistical  analysis  of  the  data  collected  at  disposal 
in  Philadelphia,  Los  Angeles,  MinneapoHs,  Houston,  St.  Louis,  Miami,  Pittsbu 
Chicago,  Atlanta,  and  Detroit.  A  total  of  29  disposal  sites  was  visited  and  1,001  ti 
dumpings  observed. 

TRAINING 

The  data-collection  methodology  for  part  (4)  of  the  equation  used  visual  esti 
tion  to  measure  percentage  of  combustibles  by  weight.  Therefore,  special  training 
instituted.  The  questions  to  be  answered  in  the  training  phase  were: 

1 .  What  were  the  best  techniques  for  observing  and  estimating  the  volume  of  > 
struction  and  demoHtion  waste  in  a  disposal  operation? 

2.  What  was  the  accuracy  of  the  estimation? 

3.  Was  the  accuracy  improved  significantly  by  averaging  the  estimates  of  tw 
more  observations? 

A  6-week-training  session  was  initiated  during  which  these  issues  were  addres 
It  was  conducted  at  a  suburban  Philadelphia  disposal  site  licensed  by  the  Stat- 
Pennsylvania  for  demolition  and  construction  waste.  After  meeting  with  site  persor 
several  areas  were  designated  and  cleared  so  that  the  training  loads  could  be  kept  s 
rate  for  future  analysis.  Arrangements  were  made  with  a  local  demolition 
tractor  to  have  his  incoming  50-cubic-yard  trucks  stop  at  a  nearby  scale  to  obtain  g 
and  tare  weight  for  the  vehicle.  Trash  bins  of  12  to  18  cubic  yards  and  a  dump  ti 
were  used  in  the  separation  of  the  wood  fraction. 

When  a  weighed  truck  pulled  into  the  landfill  area,  the  observers  positioned  th 
selves  around  the  rear  of  the  truck  at  safe  distances  and  at  unobstructed  observa 
points.  The  best  location  proved  to  be  about  30°  from  the  rear  centerline  of  the  tri 
Observation  of  material  was  made  while  the  load  was  dumped  and  after  it  was  on 
ground  to  make  an  estimate  of  the  amount  of  wood  and  wood  products  in  the  1( 
Because  this  was  a  training  exercise,  estimates  of  the  first  loads  were  made  on  a  voh 
basis  until  the  observers  developed  a  correlation  between  the  volume  and  we 
percentages. 

Estimates  of  weight,  along  with  date,  time,  source,  truck  weights,  and  gen 
comments  were  recorded  on  a  data  sheet.  All  loads  were  photographed  for  subseqi 
analysis  (fig.  1). 

Four  JACA  employees  went  through  the  training  program.  Two  had  col 
degrees,  and  two  were  technicians  with  several  years  experience.  It  was  not  knc 
how  many  loads  would  be  required  to  develop  an  acceptable  degree  of  accuracy 
percent).  Progress  was  monitored  and  terminated  at  32  loads,  when  accuracy 
satisfactory. 

The  loads  were  hand-separated  into  wood  and  nonwood  piles.  Portable  ti 
dumpsters  and  a  dump  truck  were  used  to  transport  the  separated  materials  bad 
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j         Figure  1  .-An  unseparated  load  of  demolition  waste  with  a  high  percentage  of  wood. 

"le  scale.  Because  of  the  size  and  weight  of  some  of  the  beams  and  concrete  blocks,  a 
ont-end  loader  was  occasionally  used  as  an  aid  in  loading  the  receptacle.  Since  the 
';bris  was  often  very  small  at  the  bottom  of  the  pUe  (these  smaller  pieces  were  often 
pound  up  when  the  front-end  loader  raked  the  pile),  the  weight  percentages  of  the 
'maining  10  percent  or  less  were  often  estimated  and  added  to  the  weigh-ticket 
itals.  The  estimated  remainder  was  less  than  200  pounds.  All  of  the  debris  came 
om  the  Philadelphia  area;  information  about  the  type  of  structure  from  which  it 
iginated  was  obtained  from  the  drivers  or  dispatcher. 

The  actual  percentage  of  combustibles  was  obtained  in  the  following  manner: 
Percent  combustibles 


(gross  weight  of  separated  materials 
gross  weight  of  incoming  truck 


)   /weight  of  container\ 
I    weight  of  truck     r  ^°° 


Tliirty-two  loads  of  demolition  waste  were  hand-separated  and  weighed  during 
e  training  period.  It  was  noted  that  demoHtion  loads  tend  to  occur  most  frequently 
Jth  higli-percentage  combustibles  or  low-percentage  combustibles  rather  than  in  the 
Middle  range.  This  same  condition  prevailed  in  1,001  observations  in  later  fieldwork. 

The  sampling  process  is  subject  to  two  types  of  errors.  The  measurement  or 
3nsampling  error  occurs  because  of  a  difference  between  the  actual  value  and  the 
easured  value;  this  kind  of  error  arises  from  factors  such  as  imperfect  observation, 
llulty  questionnaires,  or  inaccurate  tallying.  The  sampling  error  results  from  the  chance 
lection  of  sampling  units;  this  error  occurs  when  a  partial  observation  of  the  universe 
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takes  place.  If  the  entire  universe  were  studied,  the  sainpUng  error  would  be  zero. 

The  total  error  in  a  statistical  survey  such  as  this  one  is  the  sum  of  the  ineai  j 
ment  error  and  the  sampling  error.  The  major  concern  is  to  minimize  the  total  e 
Reduction  of  the  measurement  error  is  achieved  by  defining  precisely  the  populaj 
to  be  studied  and  its  traits,  by  refining  the  measurement  process  to  the  highest  dej' 
and  by  training  the  individuals  doing  the  measurement  as  thoroughly  as  practici:; 
These  precautionary  measures  are  usually  costly,  leading  to  the  necessity  of  using  si 
samples.  However,  small  samples  tend  to  have  larger  sampling  errors.  Therefore,  tt 
are  two  options  available:  the  sample  size  can  be  kept  small  and  the  measuren 
made  in  a  sophisticated  manner,  or  the  sample  size  can  be  large  and  the  measuren 
made  in  an  unsophisticated  manner.  The  following  example  should  help  Ulustratai 
method  of  estimating  the  percentage  of  combustibles  in  construction  and  demoljl 
waste.  Assume  that  a  sophisticated  measurement  process  would  limit  the  samples 
to  50  observations;  an  unsophisticated  technique  would  employ  trained  observer 
estimate  the  combustible  proportion  and  would  allow  for  a  sample  size  of  300  obi 
vations.  Assume  that  the  measurement  error  in  the  first  case  would  be  5  percent  anr 
the  second  case  10  percent.  In  estimating  proportions,  the  formula  for  the  maxiiiiii 
sampling  error  is  given  by: 

(1)     5=^—1 


5  =  sampling 

z  -  normal  curve  deviate,  which  is  determined  by  the  level  of  confidence 

n  =  universe  proportion  being  estimated 


In  the  absence  of  information  concerning  the  possible  size  of  n,  it  is  assign 
value  of  Vi,  which  maximizes  the  expression  7r(l  -  n),  and,  therefore,  maxunizes  5  i 
given  level  of  confidence  and  sample  size.  In  the  cases  cited  above,  if  a  level  of  cc 
dence  of  90  percent  is  employed: 


r.5)(l  -  .5) 
(2)      590  =  1-645  V- 50 =-116 


i.5)(l  -.5) 

§90  =  1  -645  V  ' =  .047 

300 

Using  a  level  of  confidence  of  95  percent: 


r.5)(l  -.5) 
(3)     595  =  1.96  V 50 =  .139 


X.5)(l  -.5) 
595  =  1.96V 300 =056 
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.nee: 

Total  error  =  Sampling  +  Measurement  error,  the  following  results  are  obtained  with 
QO  percent  confidence: 

Case  1     Total  error  =  .166+ .05  =  .165 
I        Case  2     Total  error  =  .047  +  .  1 0  =  .  1 47 

I 
ith  95  percent  confidence: 

I 

i       Case  1     Total  error  =  .  1 39  +  .05  =  .  1 89 

Case  2     Total  error  =  .056  +  .10  =  .156 

At  both  levels  of  confidence,  the  total  error  is  smaller  when  the  sample  size  is 
creased  at  the  expense  of  a  larger  measurement  error.  In  the  case  of  this  study,  we 
lose  the  option  of  increasing  the  sample  size  as  opposed  to  reducing  the  measurement 
{ror,  and  the  cost  of  doing  so  was  significantly  less  than  reducing  the  measurement 
(ror. 

STRATIFYING  THE  SAMPLE 
I  In  stratified  random  sampling,  the  universe  is  classified  into  mutually  exclusive 
ibgroups  or  "strata"  and  samples  are  drawn  from  each  of  them.  Sample  statistics  are 
ilculated  from  each  of  these  strata  and  are  combined  to  yield  an  overall  estimate  of  a 
opulation  parameter.  The  basic  purposes  of  stratified  sampling,  as  compared  to  simple 
indom  sampling,  are  to  obtain  a  sample  that  closely  resembles  the  universe  from 
hich  it  was  drawn  and  to  reduce  sampling  errors.  These  objectives  are  accompHshed 
/  grouping  together  into  strata  those  elements  which  are  more  alike  with  respect  to 
e  characteristic  under  investigation  than  are  elements  in  the  universe  as  a  whole, 
ratification  is  most  effective  when  the  elements  within  strata  are  as  homogeneous 
possible,  as  regards  the  property  to  be  studied,  and  the  differences  among  strata  are 
I  great  as  possible. 

In  this  study,  the  demolition  samples  were  to  be  stratified  by  type  of  structure, 
itially,  four  strata  were  contemplated:  residential,  multi-unit  residential,  commercial, 
;id  industrial  buildings.  Experience  in  the  field  led  to  a  reduction  in  the  number  of 
rata  to  two:  residential  and  other.  This  reduction  was  made  because  many  cities  did 
)t  distinguish  among  the  various  types  of  structures,  or  because  the  required  number 
I  observations  to  define  strata  was  not  generated  in  each  of  the  four  areas.  The  same 
;rata  were  initially  proposed  for  the  construction  data.  The  number  here  was  also 
i^uced  to  two  for  the  same  reasons.  The  stratification  by  phase  of  construction  was 
J50  considered  but  was  abandoned  after  attempts  to  gather  the  data  proved  highly 
;ipractical  within  budget  and  time  limitations. 

In  determining  the  geographical  sites,  the  United  States  was  divided  into  four  areas 
iid  a  percentage  of  the  total  population  calculated  for  each  area.  This  technique 
:^ulted  in  a  selection  of  cities  that  would  represent  any  regional  peculiarities  of 
l^ilding  material  and  techniques.  Ten  cities  were  selected  on  this  area  breakdown  on 
e  basis  of  construction  and  demolition  activity.  Within  each  of  these  10  cities, 
'sposal  sites  were  chosen  on  the  basis  of  activity  at  the  site  and  the  willingness  of  the 
perator  to  cooperate  by  allowing  field  technicians  to  make  observations. 
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Once  the  cities  had  been  selected,  the  desired  number  of  observations  in  e 
stratum  (residential  and  other)  for  construction  and  demolition  was  determined 
averaging  the  number  of  construction  and  demolition  permits  issued  in  each  ( 
during  the  period  1970-75.  These  permits  were  used  to  establish  the  ratio  of  resic 
tial  to  other  units  constructed  or  demolished.  This  ratio  was  then  applied  to 
number  30,  the  desired  number  of  observations  for  each  city,  to  determine  the  desi 
number  of  observations  in  each  of  the  two  strata  for  that  city. 

Teams  of  two  technicians  each  were  sent  to  disposal  sites  in  each  of  the  10  cit  i 
Each  technician  independently  observed  loads  as  they  were  dumped,  and  the  indi  i 
ual  readings  were  averaged  to  obtain  a  better  estimate  of  the  percentage  of  combi 
ibles.  Varying  lengths  of  time  were  spent  in  an  effort  to  gather  enough  data  to  n* ; 
the  desired  stratification,  which  was  universally  met. 

Since  the  observed  samples  exceeded  the  required  number  at  each  locatior , 
weighting  technique  was  devised  to  allow  the  use  of  all  the  data  generated,  even  wh  ; 
the  actual  number  observed  exceeded  the  desired  number.  Weights  were  assignee 
such  a  way  as  to  keep  the  strata  in  the  proper  desired  ratio.  The  weighted  technii  i 
calculated  the  percentage  combustible  for  each  city  as  the  weighted  mean  of  the  1 ' 
strata,  employing  the  desired  number  of  observations  in  each  stratum  as  weights. 

To  determine  the  overall  percentage  combustibles,  the  arithmetic  mean  :  i 
standard  deviation  of  the  10  weighted  percent  combustibles  were  calculated.  Empl ) 
ing  this  datum,  a  confidence  interval  for  the  overall  percentage  of  combustibles  ■' 
calculated  as  follows: 

95%      _ 
Xp-to5  (s/n)<-— <Xp  +  tos  (s/n) 
Mp 

where: 

Xp  =  mean  of  the  10  weighted  percent  combustibles 

s  -  standard  deviation  of  the  10  weighted  percent  combustibles 

t  0  5  =  coefficient,  which  is  determined  by  the  level  of  confidence 

n  =  sample  size  (10) 

Mp  -  mean  percent  combustible  for  the  universe. 

For  demolition  s=  12.12 


/12.12\  /12.12\ 

38.60  -  2.2621 |<  Mp  <  38.60  +  2.262  ( 1 

\3.16  /  \3.16  / 


29.92  <Mp<  47.28 

For  construction  s  =  8.34 

47.59 -2.2621 

\3.16 

41.62  <Mp<  53.56 


/8.34  \  /8.34  \ 

:| I <Mp<  47.59  +  2.2621 J 

\3.16/  \3.16/ 
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This  interpretation  of  the  confidence  interval  is  as  follows:  there  is  95  percent 
ertainty  that  the  mean  percentage  combustible  of  all  demolition  waste  is  between 
9.92  and  47.28  percent.  The  calculation  of  the  percentage  combustible  of  construc- 
fion  waste  and  the  interpretation  of  the  resulting  confidence  interval  is  analogous  to 
pat  for  demolition.  Once  the  mean  percentage  combustible  was  determined,  the  total 
umber  of  tons  of  combustibles  was  calculated  by  employing  this  percentage  in  con- 
inction  with  data  developed  on  the  basis  of  predictive  techniques.  The  calculation  for 
emolition  waste  is: 

TCD  =  A  •  D  •  B  ■  P 

here: 

TCD  =  total  number  of  tons  of  combustibles  per  year  from  demolition  waste 

A  =  average  number  of  cubic  yards  of  waste  per  building 

D  =  average  density  of  demolition  waste 

B  =  number  of  buildings  demolished  per  year 

P  =  percent  combustible  of  demolition  waste 

The  average  number  of  cubic  yards  per  buUding  was  determined  from  a  National 
ssociation  of  Demolition  Contractors  (NADC)  cooperative  questionnaire.  The  average 
;nsity  was  determined  in  field  experiments  with  JACA  technicians.  The  number  of 
iildings  demolished  per  year  was  determined  from  literature  searches. 

In  the  case  of  construction  waste,  it  was  impossible  to  develop  data  from  haulers 
;  to  the  average  volume  of  loads  from  typical  waste  sites,  as  was  done  via  the  ques- 
Dnnaire  for  demolition  waste.  These  data  were  not  available  because  of  the  long  dura- 
an  of  construction  activity. 

The  calculation  for  construction  waste  differs  significantly  from  that  for  demo- 
lon  waste : 

TCC  =  P    W 


lere: 

TCC      =         total  number  of  tons  of  combustibles  per  year  from  construction 

waste 

P  =         percent  of  wood  that  is  wasted  in  construction 

W         =        total  amount  of  wood  consumed  in  building  and  construction 
The  percentage  of  wood  that  is  wasted  in  construction  was  determined  from 

Formation  gathered  through  literature  searches  and  discussions  with  building  con- 
ctors  based  on  their  estimating  procedures.  The  total  amount  of  wood  consumed  is 
'ken  from  existing  government  sources. 

The  primary  segment  of  this  study  utilized  field  measurements  of  properly  strati- 
id  samples.  The  plan  was  to  use  a  total  of  at  least  600  random  samples  from  three 
i  es  at  each  of  the  10  cities  visited.  In  the  final  analysis,  1 ,001  samples  were  obtained, 
lis  sample  size  was  large  enough  to  account  fully  for  geographical  differences  in 
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buUding  sites  and  to  allow  for  different  sizes  and  types  of  buildings.  Trained  observ 
were  used  to  estimate  the  percentage  of  combustibles  as  the  trucks  dumped  their  loa  i 
A  satisfactory  measurement  accuracy  by  this  means  would  be  20  percent  for  all  sam  i 
totals.  The  training  showed  that  even  higher  accuracy  was  obtained.  The  objective 
each  city  studied  was  to  coUect  enough  samples  (percentage  combustible  values) 
demohtion  and  construction  waste  to  meet  the  previously  determined  requirements 
each  category  of  a  60-sample  stratified  set. 

The  first  data  collection  was  done  in  the  Philadelphia  area.  The  Annual  BuUd  : 
Construction  Reports  for  the  years  1970-75  were  obtained  to  determine  the  strat  I 
cation,  in  preparation  for  actual  fieldwork.  Construction  and  demolition  permits  ^ 
the  past  5  months  were  examined  to  determine  the  recent  activity  levels  in  e< 
stratum.  The  contractors  whose  names  appeared  frequently  on  these  permits  w 
contacted  to  determine  which  Philadelphia  area  landfill  sites  they  were  using  a 
arrangements  were  made  with  landfill  operators  to  station  field  observers  at  f 
local  sites. 

The  activity  in  demolition  and  construction  was  extremely  low  during  the  inili 
data-collection  phase  when  compared  to  the  activity  levels  during  the  earlier  trainn 
session.  This  difference  indicated  that  the  generation  of  demolition  and  constructs 
waste  was  sporadic.  As  a  result,  the  fieldwork  was  rescheduled  to  coincide  with  peri^ 
of  high  demohtion  and  construction  activity  in  order  to  get  the  most  samples  duni 
field  visitations. 

It  was  evident  that  a  refinement  in  the  scheduling  of  cities  was  extremely  imp| 
tant.  Following  discussions  of  our  objectives  with  the  NADC,  Mr.  Ron  Dokell,  Pr' 
dent,  offered  the  Association's  assistance  and,  together  with  the  Energy  and  Recyc 
Committee,  provided  assistance  on  our  visits  to  the  10  cities.  The  NADC  commil 
supplied  names  of  local  members  who  aided  in  scheduling  fieldwork  to  coincide  w 
high  demolition  activity.  These  contacts  were  also  helpful  in  directing  us  to  the  la 
fills  where  most  of  the  waste  was  being  hauled. 

Arrangements  were  made  to  visit  three  landfills  at  each  of  the  10  cities.  Beca' ; 
one  of  the  determining  factors  as  to  where  demohtion  and  construction  debris  will  t 
dumped  is  the  cost  of  hauling  based  on  distance,  the  observation  of  three  local  si  i 
helped  neutralize  intra-city  peculiarities  in  activity  or  in  composition  of  waste. 

The  method  of  obtaining  percentage  combustible  data  followed  the  procedi  i 
described  in  the  training  section.  At  safe  observation  points,  each  load  of  construct) ) 
and  demohtion  debris  was  analyzed  while  being  dumped  and  whUe  on  the  ground  tj 
estimate  the  percentage  combustible  by  weight.  The  driver  of  the  vehicle  was  qu- 
tioned  briefly  as  to  what  building  category  provided  the  waste. 

Depending  on  activity  levels  in  each  city,  observers  spent  1  or  2  weeks  on  site,  a  i 
in  some  instances  had  to  return  to  a  city  to  satisfy  the  stratification  requirements.  1 1 
stratification  for  the  city  was  referred  to  periodically  during  the  week  to  determ  i 
whether  sufficient  residential,  commercial,  and  industrial  loads  were  being  sampl* 
Photographs  were  taken  at  several  dumping  sites  for  future  reference. 

Construction  activity  evidenced  at  the  10  cities  was  mainly  in  the  form  of  sn"  i 
truckloads  and  portable  bins  of  wastes  generated  in  renovation,  roofing,  and  sid  i 
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rejects.  Very  little  waste  was  observed  from  new  building  construction.  One  expla- 
ition  for  this  phenomenon  is  that  waste  generated  on  construction  projects  is  dis- 
Dsed  of  on  the  site  to  avoid  paying  dumping  fees  at  a  landfill.  Therefore,  it  was  neces- 
ry  to  schedule  return  visits  to  obtain  fully  stratified,  60-sample  sets  of  construction 
mples. 

Some  of  the  city  building  reports  did  not  distinguish  between  commercial  and 
dustrial  demoHtions.  Therefore,  these  two  categories  were  combined  into  "nonresi- 
ntial"  construction  and  demolition  for  all  the  cities  surveyed.  Decreasing  the  num- 
r  of  strata  did  alleviate  some  of  the  problems  in  obtaining  a  proper  sample.  After  the 
,ta  on  the  10  cities  were  reviewed,  it  was  necessary  to  return  to  Miami,  St.  Louis,  and 

i'licago  for  sufficient  data  on  construction.  Sufficient  demolition  data  were  collected 
all  10  cities  on  the  first  visit  because  the  demolition  volume  to  building  volume  ratio 

!jso  large  that  continual  landfill  dumping  is  necessary. 

Individual  observers'  estimates  were  averaged  at  each  of  the  10  cities,  and  the 
(Fference  between  one  observer's  average  for  the  entire  sample  and  the  average  of  two 
I  servers  for  the  entire  sample  was  negligible.  Tlierefore,  one  observer  was  sent  to  each 
(jthe  three  cities  where  insufficient  data  had  been  collected  on  the  first  visit. 

The  field  data  results  collected  on  percentage  of  combustibles  in  the  10  cities  are 
i)ulated  in  table  2. 

The  density  of  the  loads  was  a  second  piece  of  primary  data  to  be  obtained  in  the 
I  Id.  During  the  initial  training  session,  32  loads  of  demohtion  waste  were  weighed 
'M  separated  at  a  local  landfill  site.  A  value  for  the  average  density  of  demoUtion 
Mste  was  needed.  The  concentration  of  the  various  components  of  demolition  waste 
ch  as  wood,  brick,  concrete,  and  dirt)  and  the  permitted  road  weight  of  a  particular 
'*'^ckload  help  determine  the  density  of  the  load  and  the  volume  to  which  the  truck 


Table  2.— Weighted  percentage  of  wood  in  demoUtion  and  construction  waste 

—Field  Data- 


City 


Wood  demolition 


Wood  construction 


Percent 


jfliladelphia 
J  Is  Angeles 
j(|icago 
^^troit 

Ijfuston 

t  Louis 
'  Kami 
■^  F|tsburgh 
;  ^anta 

^|n^eapolis 

/jerage  weighted 
ercent  combustible 


41 

42 

63 

48 

44 

60 

42 

43 

27 

63 

51 

50 

37 

43 

27 

36 

20 

40 

34 

51 

39 


48 
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can  be  filled.  Often  a  50-cubic -yard-capacity  demolition  truck  with  high  density  con 
ponents  may  be  filled  to  only  20  cubic  yards;  a  truck  with  a  high  percentage  of  woo  I 
is  generally  filled  to  volume  capacity.  The  average  volume  of  32  truckloads  average  I 
40  cubic  yards. 

When  the  average  densities  for  the  32  truckloads  were  calculated,  the  value  for  th  : 
density  of  demolition  waste  was  found  to  be  25  pounds  per  cubic  foot.  This  figure  w; 
considered  accurate  for  this  study  because  the  percentage  combustible  values  for  th : 
32  training  loads  had  good  distributive  representation  from  both  low-percentage  an  I 
high-percentage  combustible  loads. 

In  order  to  use  the  equation  presented  in  the  National  and  Area  Estimates  sectioi 
a  value  for  the  average  number  of  cubic  yards  of  waste  generated  per  type  of  buUdin 
demolished  or  constructed  was  needed : 

Average  yd  ^  tons        bldgs.  (const ./demo.)        %  combustible 

—- X  — --  X   X        by  weight 

(const. /demo.)       yd  year 

tons  of  combustible 


year 


To  determine  the  volume  of  waste  generated  in  the  demolition  of  buUdings,  th : 
NADC  cooperated  with  JACA  Corporation  in  administering  a  response-card  progran  . 
which  supplied  data  collected  by  17  volunteer  members  of  NADC. 

Respondents  remained  anonymous  through  a  respondent  numbering  system,  an  I 
the  geographical  distribution  was  statistically  sound.  One  card  was  completed  for  eac  i 
demoHtion  job.  The  information  entered  on  the  card  included  duration  of  job,  type  c 
building,  number  of  units  if  residential,  number  of  loaoc,  and  the  truck  size. 

The  NAEMT  response-card  program  ran  for  approximately  3  months,  yielding  20  I 
responses  from   the    17   respondents.   Following  completion,  cards  were  separate 
according  to  building  category,  and  the  average  volume  of  waste  per  demolishe 
building  was  calculated  for  residential,  commercial,  and  industrial  buildings. 

Average  volume  of  waste  per  building 

Residential  450  yd^bldg. 

Commercial  2,022  yd Vbldg. 

Industrial  3,860  yd^bldg. 

OveraU  1,370  yd Vbldg.                 i 

From  other  information  included  on  the  response  cards,  the  average  duration  o 
a  demohtion  job  could  also  be  determined. 
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Average  duration 

of  demolition  Job 

(days) 

Residential 

3.87 

Commercial 

9.56 

Industrial 

14.7 

Overall 

6.92 

Lengthy  job  duration,  variation  in  methods  of  disposal  of  construction  waste,  and 
the  inability  of  members  of  the  hauling  industry  to  provide  average  estimates  of  vol- 
ume of  waste  generated  by  each  construction  job  frustrated  attempts  to  determine  the 
volume  of  wood  waste  generated  in  the  construction  of  a  residential  building,  a  com- 
mercial building,  and  an  industrial  building.  Therefore,  it  became  necessary  to  develop 
data  on  the  basis  of  estimates  made  by  construction  contractors  on  the  percentage  of 
wood  waste  generated  on  their  jobs.  Contractors  were  requested  to  estimate  the  wood 
waste  as  a  percentage  of  wood  ordered  for  each  construction  job.  The  results  of  this 
jsurvey  of  20  contractors  indicated  that  an  average  of  7. 4  percent  of  wood  deUvered  is 
Iwasted  in  the  process  of  construction.  The  average  was  tested  for  significance  by  the 
following  equation: 


^0.5 


(i)^^»^'-^'"fe) 


At  a  95  percent  level  of  confidence,  5.28  </li^  <  9.52. 

TOTAL  ANNUAL  ESTIMATES 
Annually,  the  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  issues  a 
report  entitled  "Housing  Units  Authorized  for  Demolition  in  Permit -Issuing  Place." 
The  report  gives  the  total  number  of  permits  issued  for  demolition  annually. 

Using  the  figures  presented  for  the  number  of  housing  units  demoHshed  in  cities 
jOver  50,000  population  (0.34  of  total  U.S.  population,  1970  Census)  as  well  as  the 
cities'  populations,  a  statistical  evaluation  was  conducted  to  determine  whether  a 
linear  relation  existed  between  population  and  number  of  units  demoHshed,  using 
methods  of  linear  regression  analysis.  The  equation  y  -  -3.05  +  0.001 8x  was  derived 
where  y  =  number  of  units  demolished  and  x  =  size  of  population.  This  equation  ex- 
plained 61  percent  of  the  variation  for  this  relation.  Therefore,  there  would  be  a  cer- 
tain degree  of  error  in  pursuing  the  calculation  of  a  total  for  demolition  of  housing 
units  by  this  method. 

While  the  above  equation  might  be  useful  in  predicting  the  amount  of  demolition 
for  an  area,  a  more  reliable  estimate  was  needed.  Therefore,  it  was  decided  that  the 
figures  for  U.S.  total  number  of  housing  units  demolished  based  on  reports  from 
permit-issuing  places  authorizing  the  demoHtion  of  one  or  more  housing  units  would 
ibe  used.  The  Bureau  of  the  Census  states  that  these  annual  figures  are  based  on  reports 
from  areas  which  represent  about  80  to  85  percent  of  the  population  and  would  there- 
ore  imply  that  these  figures  probably  represent  95  peicent  of  the  total  U.S.  housing- 
iinit-demolition  rate. 
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To  convert  from  units  demolished  per  year  to  residential  buildings  demolished  j  i 
year,  the  average  number  of  units  per  building  demolished  from  the  building  reports  i 
the  10  cities  was  calculated.  Tliis  was  found  to  be  1 .4  units  per  building.  To  determ 
the  total  residential  and  nonresidential  buildings  demolished  per  year,  the  ratio  of  n  ' 
dential  to  nonresidential  buildings  demolished  per  year  in  the  10  cities  surveyed  \ ; 
computed  and  averaged  from  their  respective  building  construction  and  demolit 
reports.  The  following  equation  was  used: 


No.  of  residential  buildings  demolished 
year 


X 


.803 


No.  of  residential  and  nonresidential  buildings  demolished 


year 


87,123  X 


.803 


108,497 


To  determine  the  total  number  of  buildings  constructed  per  year  in  the  Unii : 
States,  a  similar  approach  was  used.  Using  data  on  residential  construction  obtairi; 
from  the  National  Association  of  Homebuilders,  the  following  procedure  was  used: 


Residential  units  constructed 
year 

residential  bldgs.  constructed 
year 


average  units 
bldg.  constructed 


1,512,900 


1 


^  2.5  =  605,160 


Residential  buildings  constructed 


X 


year  .724 

residential  and  nonresidential  buildings  constructed 
year 


605,160  X 


.724 


=    835,856 
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ESTIMATING  ENERGY  POTENTIAL 

The  heating  value  of  wood  was  taken  as  8,613  BTU's  per  pound.  By  multiply- 
ig  the  tons  of  combustibles  generated  annually  from  these  two  sources,  the  energy 
otential  of  the  waste  wood  can  be  calculated  on  a  national  level: 


Demolition: 

avg.  yd  ^ 
bldg.     ^ 

tons 

yd^ 

X 

bldgs.  demo, 
year 

total  BTU' 

s 

X    %  combustible    X 


BTU's 

ton 


year 

1,369.8    X     .337    X     108,500    X     .386    X    (1.72  X    10^) 
3.3  X    \Q^^  BTU's 


year 
Construction: 

Tons  of  wood  consumed  annually  by  construction  industry 

BTU's 

X    average  %  wasted  per  job  in  construction    X 


ton 
Total  BTU's 


year 

35,000,000    X     .074    X    (1.72  X    10') 
4.5    X     10'^  BTU's 


year 

Total  energy  potential  from  demolition  and  construction  nationwide 
3.75  X    10'^  BTU's 


year 

To  determine  the  energy  potential  from  demohtion  waste  for  a  given  local  area, 
tp  above  equation  is  used  with  a  substitution  of  number  of  buildings  demolished  per 
Jjar  within  the  city  for  the  number  of  buildings  demolished  on  the  national  level.  The 
l;al  weighted  percent  combustible  figure  can  be  substituted  for  the  national  average 
('  39  percent.  The  volume  per  building  must  be  recalculated  in  accordance  with  the 
<erage  ratio  of  residential,  commercial,  and  industrial  buildings  indicated  in  the 
llilding  reports. 
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To  calculate  the  energy  potential  available  from  construction  waste  on  a  loi  i 
level,  the  amount  of  wood  consumed  must  be  estimated.  The  method  used  was  to  : ; 
up  an  equality  which  relates  amount  of  wood  consumed  by  the  construction  indusi 
on  a  given  level  to  the  number  of  buildings  constructed  on  that  level. 

Wood  consumption  nationwide,  by  construction  industry  » 

buildings  constructed  nationwide  l| 

Wood  consumption,  by  city,  by  construction  industry 


e.g.,  Chicago 


buildings  constructed,  by  city 
35,000,000  tons  x 


835,856  bldgs.         2,482 


X    =    wood  consumption    =    104,000  tons  per  year,  by  Chicago  constructi: 

industry 

Using  the  construction  waste  energy  potential  equation: 

1.3  X    10''  BTU's 
104,400  X  .074  X  (1.72  X  10'')  =      - 


year 

These  equations  may  be  appUed  to  any  locality  that  has  the  appropriate  di. 
available. 
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PAPER  FROM  MUNICIPAL  TREES 

David  F.  DeVoto' 

Abstract.— Bscaase  they  encountered  increasing  numbers  of  trees 
killed  by  Dutch  elm  disease,  the  cities  of  Minneapolis  and  St.  Paul 
attempted  to  find  a  method  for  wood  disposal  other  than  burning 
and/or  buryinj;  in  landfills.  A  large-size  chipper  seemed  to  be  the 
solution  to  the  problem. 


THE  NEED 

A  fungus  (Ceratocystis  ulmi)  implanted  in  elm  trees  by  bark  beetles  causes 
condition  called  Dutch  elm  disease.  This  disease  has  become  extremely  serious  in  tli 
cities  of  Minneapolis  and  St.  Paul  over  the  last  few  years.  Beginning  in  1961  in  St.  Pai 
and  1963  in  Minneapolis,  the  disease  plodded  along  without  causing  real  probleniij 
until  about  1975,  when  the  number  of  infected  trees  began  to  soar,  as  is  shown  i 
figure  1. 
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Figure  1.— Budgets  and  tree  losses  for  Minneapolis  and  St.  Paul. 


Director  of  Forestry,  Minneapolis  Park  and  Recreation  Board,  250  South  Fourth  Strft 
Minneapolis,  Minnesota  55415. 
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In  the  early  seventies,  realizing  that  losses  were  going  to  become  high  and  that 
sllars  for  control  were  going  to  be  limited,  the  cities  (first  independently,  and  then 
ter  reaUzing  they  were  following  parallel  paths,  jointly)  began  trying  to  find  means 
"  disposing  of  trees  more  efficiently.  Until  this  point,  trees  were  either  burned  or 
jiried  in  commercial  landfills.  These  methods  were,  even  with  low  losses,  not  the  best 
cans  for  disposal.  As  losses  increased,  they  became  even  less  acceptable. 

In  any  large  metropolitan  area,  landfill  space  is  scarce  and  should  be  reserved  for 
usehold  and  industrial  wastes  rather  than  being  quickly  used  up  by  tree  brush  and 
s.  When  we  discussed  the  possibility  of  bringing  the  large  anticipated  volumes  to  his 

;e,  one  landfill  operator  said  that  he  would  only  take  our  debris  if  we  supplied  a  ton 
covering  sand  for  every  ton  of  material  we  dumped;  this  obviously  would  become 

ijpensive. 

j  The  other  means  of  disposal  available  was  open  burning.  With  air  pollution  stand- 
jas  becoming  more  stringent,  with  increasing  amounts  of  pollutants  being  generated 
\thin  cities,  and  with  urban  sprawl  pushing  suitable  sites  farther  away,  burning  fell 
sort  of  being  a  good  alternative. 

In  both  of  the  above  methods,  another  problem  became  clear.  Large  increases  in 
vlumes  meant  more  equipment  would  be  necessary,  causing  more  capital  investment, 
hney  for  this  had  to  be  borrowed  at  increasing  interest  rates.  More  labor  had  to  be 
F  ed  at  even  higher  salary  rates.  The  dilemma  became  worse. 

Table  1  .-Comparative  disposal  costs/ton 


Year 

1976 

1977 

1978 

Lidfill 
B  ning  site 

4.25 

N/A 

Dollars.  .  .  . 

6.00 
2.00 

7.20 
3.00 

ALTERNATIVES 

The  most  obvious  alternative  for  a  forester  was  to  turn  these  costly-to-dispose-of 
Ics  into  usable  wood,  which  made  sense  because  the  wood  was  stUl  sound.  Its  quality 
ai;  structure  were  unchanged,  and  many  of  the  logs  were  long  and  clear  of  limbs  and 
ki)ts.  With  the  number  of  logs  steadily  increasing,  it  might  even  be  feasible  to  move  a 
sa  mUl  into  the  area. 

Not  so,  according  to  the  sawmill  operators.  In  our  efficient  methods  for  preser- 
vajon  of  city  trees  we  had  created  a  major  stumbling  block .  Whenever  a  tree  began  to 
d(elop  decay,  someone  had  been  there  to  chip  away  the  decay  and  plug  the  hole  with 
cc'crete  and  reinforcement  rod.  Whenever  a  severe  storm  split  and  damaged  a  tree,  we 
we  "Johnny-on-the-spot"  to  screw  in  lag  hooks,  attach  chains  and  cables,  and  fasten 
in,arge  bolt-rods.  We  even  went  so  far  as  to  trace  the  bark  around  these  fixtures  so 
th;  the  tree  would  neatly  grow  over  them,  making  them  almost  invisible.  An  addi- 
ti(jal  problem  was  that  every  housewife  who  planned  a  Saturday  garage  sale  adver- 
tisd  it  by  naUing  a  sign  (using  a  tenpenny  nail)  to  our  trees. 
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We  had  anticipated  some  problems  with  foreign  objects  in  trees,  but  we  did  nc  t 
realize  just  how  serious  these  problems  would  be.  It  would  have  been  nice  to  do  awa/ 
with  the  disposal  problem  and  its  inherent  costs  and  perhaps  even  get  a  little  return  h'l 
selling  our  logs  to  sawmills.  The  sawmill  operators  quickly  and  firmly  let  us  know  th;  t 
they  were  not  interested  in  our  trees,  even  if  we  gave  them  away. 

Another  possibility  was  to  not  saw  up  the  material,  but  to  grind  it  into  wood  chip  , 
There  seemed  to  be  many  uses  for  chips.  We  had,  in  the  past,  been  chipping  smaj 
branches  (up  to  6  inches  in  diameter)  riglit  on  the  street  with  small  trailer-mounte  |i 
limb  chippers.  Much  of  this  material  was  used  as  mulch  around  our  newly  plante  I 
trees  and  shrubs.  Any  material  not  needed  for  our  own  use  was  easily  given  away  1  ij 
homeowners  for  their  use.  Hardwood  chips  of  the  proper  quality  and  size  were  beirij 
used  by  local  manufacturers  of  roofing  felt.  Although  paper  companies  were  at  fir  I 
somewhat  reluctant  to  use  hardwood  chips  for  pulp,  we  felt  a  market  could  be  devt 
oped  and,  if  debarked  and  properly  processed,  many  of  our  logs  could  be  disposed  ( I 
in  that  industry. 

Further  study  indicated  that  chipper  plants  were  relatively  inexpensive,  costii 
SVi  milhon  to  S/^  million  (compared  to  the  cost  of  setting  up  a  sawmill:  more  th;  i 
$1.5  million).  The  amount  of  space  necessary  was  also  less,  and  the  amount  of  wasii 
would  be  extremely  small  if  a  wood  "hog"  were  incorporated  into  the  system  ■  )■ 
regrind  bark  and  "overs-and-unders"  into  fuel  material. 

Since  we  did  not  want  to  go  into  the  chipping  business,  our  next  task  was  to  fir  i 
someone  in  the  private  sector  who  would  be  willing  to  invest  in  building  and  operatii  i 
such  a  system.  Again  we  ran  into  problems.  The  private  investors  needed  many  guara  • 
tees  to  protect  their  investments.  Could  we  guarantee  a  certain  number  of  tons  of  chi;  s 
delivered  in  relatively  even  amounts  and  for  a  specified  number  of  years?  If  we  ecu  i 
not  fulfill  the  quota,  who  would  be  responsible  foi  the  difference  in  the  expectiJ 
profit?  This  was  all  taking  place  in  1973-74  and,  of  course,  hindsight  now  sho\  ^ 
us  that  certain  of  these  guarantees  could  have  been  met.  At  the  time,  however,  actii| 
as  a  public  agency  dealing  with  the  citizens'  tax  dollars,  we  could  not  make  su( ' 
commitments. 

We  were  then  at  the  spot  that  the  "little  red  hen"  (in  the  children's  story)  fouil^i 
herself.  When  she  could  not  get  any  help  she  said,  "Then  I'll  do  it  myself,"  and  shedi 
Well,  we  did  too  but  not  quite  so  easily;  we  built  a  chipper  plant  ourselves.  Since  \ 
were  not  in  the  chipping  industry  and  therefore  knew  very  Httle  about  it,  we  searchi  i 
a  lot  of  printed  matter,  talked  to  a  great  many  individuals  and  finally  (with  considf  ij; 
able  help  from  a  consulting  engineer)  came  up  with  what  seemed  to  be  a  workable  pla I , 

SITE  SELECTION 

It  was  determined  that  we  would  need  about  10  acres  of  land  for  erecting  tl^ji. 
plant  and  to  use  for  storage  and  handling  of  the  material.  Although  vacant  10-acre  sit  si 
are  not  very  common  in  a  metropolitan  area,  there  were  five  locations  that  were  fei 
ible.  Best  of  all,  they  were  owned  by  various  government  agencies  and  could  be  usi  i| 
without  the  need  to  buy  land.  As  usual,  things  did  not  go  quite  the  way  we  would  ha ;, 
liked. 
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Site  number  one  (fig.  2)  was  the  most  convenient  for  both  cities  and  was  our  first 
Dice.  It  turned  out,  however,  that  the  agency  owning  it  had  it  set  up  as  an  indus- 
al  development  site.  The  owners  needed  a  long-term  lease  and  expected  us  to  pay 
■111  for  the  revenue  they  would  lose  while  it  remained  undeveloped.  Siiice  our  whole 
'iture  needed  to  be  done  with  a  very  tight  budget,  the  costs  incurred  would  have 
);r.  entirely  too  high. 


)  LANDFILLS 

I  OPEN   BURNING 

'<-  CHIPPER   PLANT 

1  PROPOSED   PLANT    SITES 


20-MILE   RADIUS 


Figure  2. -Actual  and  proposed  disposal  sites  in  Minneapolis-St.  Paul. 


'  Site  number  two  (fig.  2)  was  next  best,  but  we  found  that  it  would  be  directly 
iljer  the  flight  path  of  the  airport.  Dust  from  trucking  and  from  the  machinery 
vtjld  create  a  hazard  for  landing  aircraft.  The  metropolitan  airport  commission  felt 
itijngly  that  this  would  be  an  unsuitable  location  unless  we  would  be  willing  to  shut 
h  plant  down  during  problem  times.  Since  this  would  not  be  feasible,  the  next  site 
wij  considered. 

This  location  (number  three  in  fig.  2)  appeared  to  be  a  good  choice,  even  though 
t  leant  a  little  farther  hauling  distance  for  St.  Paul.  It  was  located  on  property  owned 
)y|he  City  Water  Department.  No  other  use  was  foreseen  for  it,  and  it  also  had  rail- 
oil  access,  which  meant  that  if  rail  transportation  of  chips  turned  out  to  be  our  best 
n<-iod,  it  would  be  inexpensive  to  put  in  a  loading  spur.  Again,  problems! 

Use  of  the  property  required  City  Council  approval.  Just  prior  to  our  request,  a 
ip<iial-use  permit  had  been  given  to  a  barge  company  to  install  a  loading  terminal  on 
;hi'river  just  across  from  our  proposed  site.  The  Alderman  for  that  ward  had  been 
edving  many  complaints  about  loud  noises  due  to  barges  being  banged  into  each 
3tl(r  niglit  and  day.  He  absolutely  refused  to  allow  anything  to  be  done  in  that  area 
-h;l might  possibly  make  any  noise. 

Location  number  four  (fig.  2)  was  convenient  to  both  cities.  It  had  enough  space 
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and  could  receive  Council  approval,  in  closely  examining  the  area,  however,  it  \i 
clear  that  interjecting  many  large  trucks  full  of  logs  into  an  area  of  heavy  traffic  cn 
gestion  would  become  frustrating  to  all  concerned. 

Another  area  (number  five  in  fig.  2)  was  finally  selected  to  be  used  for  the  pla  i 
This  area  had  certain  drawbacks  which  caused  it  to  be  the  last  to  be  considered, 
primary  concern  was  that  it  is  within  the  "100  year"  flood  plain.  Evet}  though 
odds  of  flood  were  very  small,  machinery  that  would  be  affected  by  water  would  hi. 
to  be  made  so  it  could  be  easily  removed  to  high  ground.  The  site  was  originallil' 
sanitary  landfill,  and  soil  borings  from  as  deep  as  60  feet  were  showing  undecompo 
garbage,  which  meant  that  pilings  would  be  required  under  equipment  pads.  Access 
the  site  was  also  somewhat  constrained,  and  we  realized  that  during  spring  thaw  i 
heavy  rains,  we  would  be  severely  hampered  by  mud. 

On  the  other  hand,  the  site  was  on  St.  Paul  Port  Authority  land,  which  we  co  I 
use  at  no  cost.  It  was  remote  from  other  land  use  except  for  a  railroad-repair  facility | 
cement  plant,  and  a  sewage-treatment  facility.  For  this  reason,  there  would  be 
neighbor  problems.  If  necessary,  we  could  rather  inexpensively  put  in  a  railroad  s  i 
for  shipping  and  possibly  even  set  up  for  loading  river  barges. 

PLANT  COMPONENTS 

While  site  selection  was  going  on,  we  were  also  determining  what  compone  I 
were  necessary  for  operation.  It  was  decided  that  the  best  power  to  use  was  elect  iJ 
motors.  Components  (fig.  3)  were  as  follows:  | 

1 .  Nicholson  55-  by  58-inch  roto-drum  chipper  (fig.  4). 

2.  Precision  No.  P848M  debarker,  complete  with  control  panel  and  motor  stani 


(fig.  5). 
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Figure  3. -Components  of  the  chipping  plant. 
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Figure  4. -Cutoff  saw  in  operation. 


Figure  5. -Log  being  loaded  onto  debarker. 
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3.  LM  Model  No.  200  HSA  chain-saw  cutoff,  complete  with  control  panel  ar 
motor  starter  (fig.  6). 

4.  8-  by  8-foot  chip  screen  manufactured  by  Precision. 

5.  Two  van  truck  loaders  with  feeder  manufactured  by  Phelps. 

6.  Bark  and  waste  hog  manufactured  by  Bush  Manufacturing  Company. 

7.  Large-capacity  storage  bin  manufactured  by  Carothers  Brothers. 

8.  Miscellaneous  log  decks  with  stops,  conveyors,  log  jack,  log  clam,  etc.,  nian< 
factured  by  Mellott. 

9.  Miscellaneous  conveyors,  transporters,  supports,  and  walkways  manufactured  b 
Minneapolis  Sheet  Metal  Works. 


Figure  6. -Debarked  log  entering  chipper. 


The  total  cost  for  construction,  $460,000,  was  shared  by  the  Minneapolis  PSrII 
and  Recreation  Board  ($115,000  or  25  percent),  the  City  of  St.  Paul  ($1 15,000c' 
25  percent)  and  the  State  of  Minnesota,  Department  of  Agriculture  ($230,000  or 
50  percent  matching  grant).  The  program  was  set  up  under  a  joint-powers  agreemei 
between  Minneapolis  and  St.  Paul,  with  the  latter  being  designated  as  the  lead  ageno 
Bids  to  furnish  the  equipment,  prepare  the  land,  and  install  all  components  wei 
requested,  and  an  award  was  made  to  the  lowest  bidder,  Minneapolis  Sheet  Metal Ct 

Construction  was  begun  during  January  1977,  and  the  plant  was  ready  for  atria 
run  during  August  1977.  After  the  usual  equipment  shakedown  problems,  the  plan' 
was  ready  for  operation. 

A  decision  had  previously  been  made  that  actual  operation  of  the  facility  woulc 
be  best  handled  by  the  hiring  of  a  private  operator  chosen  by  the  open-bid  methoc 
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]"   Northland  Pulp  Company  was  chosen  as  the  operator.  Production  began,  and 
iigs  seemed  to  be  going  well.  Chips  and  hog  fuel  were  being  produced  and  marketed. 

1977-DISASTER! 
The  1977  season  opened  with  a  bang.  Suddenly  trees  were  wilting  in  both  cities  in 
relicvable  numbers.  In  Minneapolis  we  had  lined  up  19  private  contractors  and  felt 
;  comfortable.  It  turned  out  that  they  were  not  sufficient;  even  bringing  in  an  addi- 
(  al  13  througli  an  emergency  bid  did  not  give  us  enough.  Fortunately,  when  we  had 
ii'd  lor  bids  we  requested  two  price  quotations,  one  for  free  dumping  at  the  chipper 
hit  and  a  second  price  if  the  contractor  had  to  find  his  own  disposal  area  and  pay  his 
VI  dumping  fee. 

To  help  alleviate  overload  problems  at  the  plant,  all  contractors  working  in  Minne- 
3' IX  were  required  to  find  their  own  dumping  areas.  The  Hennepin  County  Public 
'i  Department  set  up  a  burning  site  open  to  these  contractors,  and  the  bulk  of  the 
■moved  from  Minneapolis  and  surrounding  areas  literally  "went  up  in  smoke." 
I  wn  city  crews  were  aided  in  disposing  of  all  material  up  to  22  inches  in  diameter 
yiii  renting  four  22-inch  Morbark  chippers,  which  chipped  trees  right  at  the  removal 
Xjiioii  on  the  street.  This  left  for  the  large  chipper  only  logs  over  22  inches  in  diam- 
[(].  \\  hich  were  cut  properly  for  running  directly  through  the  chipper  plant. 

jl  nfortunately,  things  did  not  go  as  well  for  St.  Paul.  The  contractors  in  St.  Paul, 
ell  as  the  city  crews,  had  to  haul  all  of  the  logs,  brush,  and  other  debris  to  the 
per  plant.  The  removal  of  some  40,000  trees  over  a  4-month  period  caused  brush 
log  pUes  to  rise  like  mountains.  It  was  estimated  that  by  the  end  of  summer  some 
00  trees  were  piled  on  the  site. 

i  he  plant,  of  course,  could  not  handle  these  volumes.  Trucks  found  themselves 
aig  to  wait  up  to  3  hours  just  to  get  through  the  gates.  Then,  because  of  mud,  most 
rnein  had  to  be  pulled  into  and  out  of  the  dumping  areas  by  tractors.  St.  Paul  hired 
a.N  to  unload  trucks,  and  debris  was  piled  20  to  25  feet  high.  Attempts  to  pull  logs 
UMl  the  piles  were  extremely  difficult  because  of  all  the  entangled  brushy  material. 

Tlie  chipper  itself  was  running  at  full  capacity  for  1  Vi  shifts  per  day,  and  the  other 
:  sift  was  spent  trying  to  keep  it  in  repair.  A  lot  of  logs  were  being  processed,  but  the 
)1  lies  of  brush  (for  which  the  plant  had  not  been  intended)  were  becoming  huge. 
i.'aul  then  located  and  purchased  two  large  log-chippers,  one  a  Morbark  and  the 
ihi  a  Nicholson.  Tliey  helped  on  the  brush,  but  by  the  end  of  fall,  tremendous  vol- 
m  still  remained.  The  standard  joke  of  the  day  was,  "Anybody  got  a  match?" 

Actual  burning  was  considered.  The  air-pollution  problem  that  would  occur,  how- 
ve  would  not  allow  for  it.  Since  the  ground  upon  which  the  trees  were  lying  was  an 
Idandfill  with  undecomposed  material  many  feet  deep,  it  was  feared  that  if  this 
lairial  were  to  catch  fire  it  might  not  be  easily  extinguished.  There  was  also  the  fear 
lahiethane  pockets  might  exist  in  sizes  sufficient  to  cause  serious  explosions. 

By  midwinter  some  progress  had  been  made  in  reducing  the  volume,  but  it  was 

il  a  substantial  problem.  Speculation  then  began  about  how  much  of  a  threat  tliis 

U  )f  beetle-infested  wood  would  become  to  elms  in  the  surrounding  area.  There  were 

^vc-ichools  of  thouglit.  One  held  that  the  beetles  would  go  no  farther  than  a  nearby 
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river  bottom  full  of  elms  for  them  to  feed  upon.  The  second  held  that  the  winds  a  : 
elated  with  wide  river  valleys  would  blow  them  out  into  the  neighboring  areas 
cause  serious  tree  losses. 

We  never  found  out  who  was  right.  It  seems  a  welder  making  repairs  on  a  piec 
machinery  allowed  sparks  to  ignite  oil-soaked  rags,  which  then  ignited  a  gaso  ij 
storage  can  in  an  old  shack.  The  shack,  in  turn,  caught  fire,  culminating  in  the  acre 
wood  catching  fire.  They  burned  out  of  control  for  10  days.  The  fire  department  c( 
do  little  more  than  keep  the  chipper  plant  from  burning  up.  The  firemen  were  h 
pered  by  low  pressure  in  the  scarcely  available  fire  hydrants. 

The  fire  was  finally  brought  under  control,  and  the  remainder  of  the  debris  ,^ 

j 

allowed  to  continue  to  burn  for  an  additional  20  days  under  controlled  conditions. 

1978-OPERATING! 
The  1978  season  was  much  better.  The  only  brush  allowed  to  be  brouglit  into 
area  was  carefully  kept  separated  from  the  logs,  and  only  what  could  be  dispose( 
in  1  day  was  allowed  on  site.  Stockpiles  of  logs  were  held  to  reasonable  sizes  and  S( 
rated  by  fire  lanes.  The  season  ran  quite  well,  and  by  the  end  of  the  year  most  matf 
had  been  processed. 

During  the  summer  of  1978  the  plan  produced  for  sale  some  $350,000  wortl 
chips.  Prices  received  for  the  chips  varied  with  their  type,  quality,  and  intended 
Total-tree  chips  (those  not  screened  and  with  higlier  bark  content)  sold  for  $5  to  Ij 
per  ton.  The  price  varied,  with  debarked  and  screened  chips  selling  for  $9  per  ton.    , 

There  were  many  companies  buying  chips;  e.g.,  Horner  Waldorf  Paper  Compi 
(located  right  in  St.  Paul),  Certain-Teed  Corporation  (producers  of  building  matei  e 
and  also  located  in  the  suburban  area),  Celotex  Corporation  (in  Iowa  and  lllinc 
and  both  Owens-Illinois  and  Weyerhaueser  Corporations  in  Wisconsin.  A  great  mij 
chips  were  sold  for  landscaping  and  agricultural  puiposes.  Driving  into  the  metro;  ( 
itan  area,  one  sees  tons  of  chips  used  as  mulch  in  shrub  plantings  along  highways. 

It  appears  that  some  marketing  problems  will  always  occur.  Value  of  chips  va  i 
with  the  type  and  quality  being  produced.  Most  buyers  need  to  have  certain  guaran' ' 
with  regard  to  volume,  steady  and  even  production  flow,  and  long-term  commitme  i 
Since  our  production  depends  on  factors  beyond  our  control  (rate  of  disease  incidei ; 
weather  effects  on  the  disease  vector,  possibilities  of  improved  disease-control  math  i 
or  even  cures),  commitments  of  these  types  cannot  be  made.  The  primary  problei 
that  we  are  not  trying  to  produce  a  salable  product.  We  are  simply  trying  to  find  a  \  3 
of  disposing  of  a  waste  in  a  manner  most  efficient  and  economical  for  the  taxpa; ' 

We  are  currently  investigating  two  possible  outlets  for  our  chipped  material.  ( 
is  with  the  local  electric  power  company,  Northern  States  Power,  who  could, alf 
certain  plant  conversions,  use  all  of  the  material  we  can  produce.  Since  they  have  la  { 
storage  capacity,  they  can  even  handle  our  extreme  fluctuations  in  material  flow.';i 
chips  would  be  fed  into  their  boilers  along  with  coal  in  producing  electricity. 

The  second  possibility  is  to  sell  our  chips  to  Guaranteed  Fuels,  which  has  recer 
(in  cooperation  with  the  Minnesota  Department  of  Natural  Resources)  complete 
plant  for  waste  wood  (in  the  form  of  chips)  to  be  compressed  into  pellets  to  be  u 
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fuel.  Their  findings  are  that  the  pellets  have  a  BTU  content  comparable  to  western 
A  second  finding,  perhaps  of  more  interest  to  Easterners,  is  that,  although  the 
U  content  of  the  pellets  is  not  as  high  as  eastern  coal,  they  have  the  ability  to 
interact  the  sulfur  problems  inherent  in  eastern  coal,  to  the  extent  that  scrubbers 
not  needed  in  m.any  furnaces. 

CONCLUSION 
In  summary,  then,  there  are  certain  concerns  that  must  be  addressed  when  trying 
Ind  a  means  of  disposing  of  municipal  tree  debris: 

[.First,  it  must  be  completely  understood  that  our  tree  debris  is  debris,  not  a 
duct. 

2.  It  is  something  that  can  be  terribly  expensive  to  dispose  of;  our  concern  should 
ply  be  to  find  the  most  economical  method  of  disposal.  If,  along  with  this,  a  cer- 

profit  can  be  derived,  all  the  better.  But  profit  should  not  be  the  prime  motive. 

3.  Even  thougli  we  are  trying  to  do  the  most  economical  thing,  we  must  also  be 
earned  with  the  side  effects  of  our  disposal.  In  most  instances,  open  burning  is 
jably  the  least  expensive  method;  however,  it  can  also  cause  serious  pollution 
jlems,  especially  in  large  metropolitan  areas.  Landfilling,  especially  where  the  land- 
s  owned  and  operated  by  the  municipality  itself,  can  look  very  attractive;  however, 
need  to  consider  what  the  future  potential  of  the  land  could  be  if  it  were  not 
ed  by  the  burying  of  logs  and  brush,  and  how  much  the  long-term  capacity  of  this 
fill  is  being  shortened  by  wasting  it  with  this  debris. 

4.  Finally,  it  must  be  remembered  that  the  wood  from  municipal  trees  is  just  as 
IPable  a  natural  resource  as  is  the  wood  from  forest  trees.  As  with  any  natural 
e;kuce,  we  have  a  responsibility  to  use  it  wisely.  That  wise  use  can  vary  from  putting 
t  Uo  our  homes  and  structures  in  the  form  of  lumber,  roofing  and  insulation  mate- 
iaj;  to  turning  it  into  paper  and  boxboard;  to  burning  it  in  furnaces,  which  saves 
>t;r  natural  resources  for  future  use. 
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MULCH  FROM  LIMB  AND  TRUNK  DEBRIS 

Dave  Walker' 

Abstract. -Faced  with  the  rising  cost  of  pine  straw,  Georgia  Institute 
of  Technology  experimented  with  using  site-generated  wood  chips 
for  mulch.  It  was  learned  that,  compared  with  pine  straw,  wood 
chips  were  less  expensive,  longer  lasting,  less  flammable,  and  better 
at  retaining  soil  moisture. 

From  1970  to  1978,  I  worked  on  a  research  project  at  Georgia  Tech  called  Liau 
ities  to  Assets.  One  of  the  major  successes  in  this  program  was  known  as  "orga  i 
mulching  with  wood  chips."  It  was  always  ititeresting  to  see  the  expression  on  peop 
faces  when  they  learned  that  during  the  years  1976  and  1977  we  were  given  10,( 
and  9,000  cubic  yards  of  chip  material  at  no  cost  to  the  Institute.  That  we  were  gi' ; 
the  material  was  hard  enougli  to  believe;  however,  that  the  material  was  processed  <i 
hauled  to  us  for  free  was  even  harder  to  believe  in  a  time  when  costs  are  constati ! 
rising  on  materials,  labor,  and  equipment. 

First,  we  had  to  see  our  own  need.  That  came  in  1970,  when  funds  were  hardl 
come  by  for  landscaping  around  our  buildings.  We  thought  pine  straw  was  expens  \ 
then,  but  look  at  it  now! 

Second,  we  had  to  find  an  alternative  to  the  straw.  Many  times  we  fail  to  recogn  / 
a  good  idea  simply  because  we  are  unable  to  picture  something  for  what  it  co  I 
become  instead  of  what  it  is.  In  this  case, an  ice  storm  during  the  winter  of  1970cau: ; 
us  to  generate  about  eight  truckloads  of  chip  material  when  we  had  to  bring  in  a  |  r 
vate  tree  contractor  to  clean  up  the  downed  limbs.  Rather  than  throw  this  matei ; 
away,  we  tried  using  it  around  one  of  our  buildings  as  a  temporary  mulch  and  foundij 
the  long  run  that  it  was  far  superior  to  the  pine  straw  we  had  been  using  (fig.  1). 

Third,  we  had  to  find  a  source  of  supply  large  enough  to  meet  our  demand.  ' 
found  that  the  tree  companies  were  more  than  happy  to  give  us  the  chips  if  they  ha^ 
place  to  dispose  of  them  at  no  charge.  This  is  important  as  an  incentive  because  mi^ 
landfills  charge  a  dump  fee  by  the  load,  yard,  or  estimated  tonnage,  which  in  ti 'i 
raises  the  tree  contractors'  overhead.  Another  way  to  look  at  it  would  be  to  f  u 
that  a  contractor's  profit  margins  increase  if  his  prices  stay  competitive  with  oti  ' 
firms  and  yet  his  trucks  are  able  to  dump  their  loads  at  no  charge.  Keep  in  mind, ho  \ 
ever,  that  the  dumping  site  must  be  closer  to  the  job  site  than  the  landfill,  or  the  abc« 
principle  may  not  apply.  In  any  case,  at  Georgia  Tech,  we  had  crews  hauling  to  i 
when  they  were  within  a  3-  to  5-mile  radius  of  our  facility;  most  landfills  were  7  ' 
30  miles  away. 

Fourth,  we  had  a  responsibility  to  the  contractors.  If  they  were  going  to  procB'S 
haul,  and  give  us  the  chip  material,  the  arrangement  had  to  be  beneficial  to  them.Ci 
chip-recycle  station  was  located  on  an  abandoned  street.  The  paved  area  meant  tli 
the  trucks  could  come  and  go  in  any  type  of  weather  without  fear  of  getting  stuckii 

Urban  Forestry  Consultant,  HayesvUle,  North  Carolina.  , 
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Figure  1.— Wood  chips  provide  an  attractive  mulch  around  buUdings. 

itTiud  or  having  flat  tires,  which  would  certainly  be  hazards  at  a  local  landfill.  Be- 
ns we  were  given  the  chips  free  and  did  not  charge  for  dumping,  the  contractors 
)vll  dump  at  their  convenience.  Most  of  the  time  the  trucks  would  arrive  before  or 
PtI  our  normal  workday  when  traffic  on  the  campus  was  light  (fig.  2). 

What  about  the  type  of  material  and  volume  storage?  In  our  research  we  found 
la]  separating  the  hardwood  and  softwood  chips  was  an  extra  problem  for  the  con- 
aiior  and  required  a  lot  of  space.  Most  crews  are  chipping  up  whatever  they  come  to 
icjdo  not  work  on  just  one  type  of  wood.  The  combined  chip  material  worked  very 
itj'actorily  as  an  organic  growing  medium,  as  well  as  being  attractive.  The  rouglier, 
rjgier  chips  were  used  to  hold  steeper  slopes  (up  to  60  percent  grades),  and  the 
ni' chips  were  top-dressed  over  this  or  used  in  areas  of  lesser  grade. 

As  for  volume  storage,  our  facility  had  a  total  capacity  of  10,000  cubic  yards. 
Id  ever,  because  we  were  constantly  drawing  on  our  stockpile,  we  never  reached 
ippity.  Unlike  leaves,  the  wood  chips  are  generated  year  round,  which  means  that 
iply  is  more  constant  than  seasonal,  thus  eliminating  overloads  and  handling 
rojems. 

riat  were  some  of  the  advantages  in  using  the  chips? 
Long  lasting  .—The  chips  would  last  up  to  3  years  when  applied  in  layers  4  to  6 
ici|s  thick. 

^.Fire  safety— Out  research  showed  the  chips  to  be  far  superior  to  pine  straw  or 
!a^|s  because  of  the  larger  particle  size  and  moisture-retaining  value. 
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Figure  2. -Ample  dumping  site  with  ready  access  for  contractors. 

2.  Moisture  control.— ^e  found  that  the  wood  chips  would  control  water  rii 
on  all  grades  up  to  60  percent,  slowing  it  down  to  allow  for  greater  soil  penetrin 
(This  does  not  mean  that  the  chips  will  not  float  or  wash.  Any  material  will  li 
given  enough  force  behind  it;  however,  under  nonnal  slope  conditions  where  avu 
head  is  not  involved  [no  drainage  ditches,  or  concentrated  parking  lot,  or  streeif 
off],  the  chips  can  effectively  control  erosion.)  Once  the  soil  has  absorbed  the  vs 
the  chips  will  drain  to  soil  capacity.  After  this  has  occurred,  the  chip  layer  willlf 
act  as  a  moisture  blanket,  increasing  the  amount  of  moisture  available  to  plantsin 
during  droughts.  This  fact  is  important  in  controlling  watering  and  its  labor  ca« 
well  as  being  beneficial  for  plant  growth.  No  summer  slump!  ' 

4.  Soil  amendment. —The  chips  can  be  used  in  place  of  peat  moss  or  othe 
incorporants  if  fertilizer  is  added. 

5.  Mule  king. —Chips  make  a  fine  mulch.  The  chips  will  weather  to  a  un 
color  within  6  months  and  do  not  require  fertilizer  if  used  strictly  as  a  mulch.  \ 
1   year,  this  material  can  be  worked  into  the  ground,  again  without  the  nee 
fertilizer. 

6.  Fertility.— ^e  did  not  make  any  laboratory  studies  to  determine  the  fei 
value  of  the  chips;  however,  the  observation  of  plant  growth  response  withou 
fertilizer  being  added  on  mulched  plantings  would  indicate  a  moderate  suppl; 
released  over  a  period  of  time.  We  observed  five  varieties  of  hardwoods  dui  i 
study  made  in  1978,  and  the  results  showed  a  growth  response  of  3  to  4  feet  d  i 
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e  first  year  of  planting.  (I  might  add  that  this  was  a  very  dry  year  in  Atlanta,  and  no 
ditional  water  was  added  except  for  two  good  waterings  within  2  weeks  after  plant- 
i  in  late  March.)  The  trees  were  18-  to  24-inch  year-old  seedlings. 

What  about  value?  At  first,  we  put  a  $1  per-cubic-yard  figure  on  the  chips  just  to 
[re  us  a  means  of  tabulating  some  type  of  value  system.  However,  when  the  chips  are 
mpared  with  other  materials,  a  much  higher  value  can  be  realized. 

Material  Estimated  cost  (1978) 

Peat  moss  $30/yard 

Perlite  $20/yard 

Sawdust  $5/yard 

Vermiculite  $20/yard 

Given  the  above  figures,  it  would  not  be  unreasonable  to  put  the  value  of  the 
ilod  chips  at  $10  per  cubic  yard.  In  the  beginning,  I  said  that  we  received  10,000  and 
;)00  cubic  yards  of  chips  during  1976  and  1977.  If  the  chips  are  valued  at  $10  per 
yd,  we  received  approximately  $100,000  per  year  free. 

The  chip  idea  is  not  a  Utopia,  and  it  takes  a  lot  of  hard  work  to  get  the  program 
ilrted-  A  successful  program  must  have  a  good  location  convenient  to  both  supply 
au  demand,  an  all-weather  site,  equipment  to  work  it,  and  personnel  who  can  sell  the 
ila  to  local  tree  contractors  as  well  as  local  landscapers.  But  the  system  does  work. 
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PRODUCTS  FROM  MUNICIPAL  TREES 

Edward  A.  Lempicki* 

Abstract.— Shade  trees  along  city  streets  and  state  highways  and  those 
near  suburban  homes  often  reach  a  large  size  and  have  butt  logs  suit- 
able for  many  specialty  products.  However,  when  these  trees  are 
feUed,  they  are  aU  too  often  used  only  for  fuelwood  or  wood  chips, 
or  hauled  to  landfills.  The  following  is  an  example  of  one  company's 
experience  in  turning  this  underutilized  material  into  an  interesting 
and  profitable  commodity. 


Sam  Willard  started  Shearer  Tree  Service  Company  in  1949.  Employing  appro 
mately  40  people,  his  company  is  involved  in  normal  arboreal  services  such  as  pruni) ; 
planting,  spraying,  removal,  and  maintenance.  In  1974,  Sain  was  paying  about  $20,0  ' 
per  year  in  landfill  fees  to  dispose  of  tree  removals.  Because  of  the  noncompactab 
bulky  nature  of  this  material,  the  landfill  rates  were  expected  to  increase  steadily,  tl 
making  this  form  of  disposal  economically  unattractive. 

Sam  decided  to  do  something  about  the  problem  and  began  his  effort  with  I 
purchase  of  a  used  Prick  Sawmill,  along  with  an  edger,  crosscut  saw,  planer,  sta 
pointer,  and  metal  detector  (fig.  1).  Instead  of  hauling  his  tree  removal  material 


Figure  1. -Urban  tree  removal  material  is  processed  through  a  sawmill  and  Alaskan  Mill  sawi 
systems. 


Utilization  and  Marketing  Forester,  New  Jersey  Bureau  of  Forest  Management,  CN  0. 
Trenton,  New  Jersey  08625. 
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[fills,  he  began  processing  the  saw  logs  througli  his  mill  and  converting  the  tops  to 
ivood.  Lumber,  timbers,  nursery  and  survey  stakes  were  the  original  products  from 

mill.  The  logs  are  first  scanned  with  a  metal  detector  before  any  processing  is 
mpted.  Metal  in  the  form  of  nails,  spikes,  or  barbed  wire  is  a  common  component 
ogs  acquired  in  tree  service  work.  Once  located  by  the  metal  detector,  the  metals 
t  be  removed.  This  removal  can  be  a  time-consuming  process;  however,  this  partic- 

mill  does  not  concern  itself  with  high  production,  so  the  extra  time  taken  to 
ove  metal  from  some  logs  is  well  spent.  Logs  are  processed  on  a  lumber  order  basis 

only  high-grade  lumber  (FAS  and  SEL)  is  kept  in  inventory.  His  suburban  location 
'ed  a  good  spot  for  marketing  specialty  products  to  homeowners  in  the  area. 

The  mill  has  evolved  since  its  tlrst  days  of  operation  and  provides  a  wider  range  of 
lucts,  including  free-form  furniture,  clocks,  planters,  and  decorative  plaques.  This 

of  product  is  made  possible  with  the  use  of  an  "Alaskan  Mill"  sawing  system. This 
ialized  machinery  basically  consists  of  a  metal  frame  with  guide  rollers,  two  chain 
power  drives,  and  a  large  ripping  chain.  Suitable  logs  are  elevated  at  one  end  and 
anally  cut  with  the  rip  chain,  which  results  in  thick,  matched  slabs.  Th«se  slabs  are 

as  raw  material  for  the  free-form  furniture  styles:  tables  of  all  kinds  and  sizes,  bar 
counter  tops,  plaques,  clocks,  and  many  other  highly  decorative  items.  Variations 
Jecies,  grain  pattern,  color,  and  figure  greatly  enliance  the  free-form  product's 
cetability.  This  type  of  sawing  accentuates  the  wood  grain  in  such  a  way  that  the 
jrn  normally  produced  is  quite  unlike  that  shown  in  standard  sawn  lumber.  Large 
ips  and  abnormal  tree  butts  are  also  sawn  in  this  fashion,  creating  unique  and 
rative  patterns. 

The  diagonally  cut  slabs  are  stickered  and  air-dried  for  3  months  before  kiln 
ig.  The  operator  uses  a  small  West  Air  Kiln  system  for  drying  these  thick  slabs. 
schedules  are  a  very  important  facet  of  the  operation  since  the  product  must  be 
of  checks  or  splits  if  it  is  to  bring  its  maximum  price.  Normal  kiln  schedules  had 
;  adapted  to  fit  this  particular  type  of  material.  After  kiln  drying,  the  slabs  are 
;d  and  sold  as  is,  or  are  processed  into  a  finished  free-form  furniture  item. 

iViUard's  sawmill  is  a  classic  example  of  how  urban  tree  removal  material  can  be 
jssed  and  marketed.  His  products  are  a  response  to  the  specific  type  of  raw  mate- 
andled.  The  utilization  of  these  municipal  trees  is  almost  complete;  logs  are 

rq^ssed  either  through  the  sawmill  or  Alaskan  Mill,  large  topwood  is  marketed  as 
ood,  branches  are  chipped  at  the  point  of  origin  and  sold  as  mulch,  and  the  saw- 
from  the  mill  is  sold  to  local  horse  owners  for  use  as  bedding.  This  unique  urban 

iMiill  is  one  answer  to  the  problem  of  municipal  shade  tree  utilization. 
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FIREWOOD  FROM  MUNICIPAL  TREES 
Jay  W.  Lowery' 

Abstract.— Firewood  is  becoming  a  necessary  item  in  the 
life  of  Americans  as  we  face  increasing  energy  shortages. 
This  paper  summarizes  an  effort  to  supply  the  citizens  of 
Atlanta  with  an  energy  source  obtained  from  wood  residues 
produced  from  the  city's  forestry  operation. 

We  all  know  that  America  is  the  land  of  plenty;  as  a  consequence  this  great  com 
has  waste  wood  byproducts  in  many  forms.  It  is  estimated  that  in  the  city  of  Atii 
67  to  85  percent  of  materials  going  into  the  landfills  is  wood  in  the  form  of  pp 
cardboard,  and  wood  scraps.  Materials  are  being  buried  that  could  be  used  for  he( 
or  recycled  for  products. 

The  supply  of  firewood  has  reached  critical  levels  in  less  fortunate  countrieii 
average  of  one-fourth  the  annual  income  for  an  average  family  in  Upper  Volta  isii 
for  firewood.  In  China,  the  reforestation  program  is  being  severely  hindered  bli 
theft  of  newly  planted  trees,  which  are  being  used  for  firewood.^ 

Deforestation,  in  the  name  of  firewood,  has  been  occurring  at  alarming  raJ 
Africa,  Asia,  and  Latin  America.  As  a  result,  severe  land  problems  are  develc  fi 
Erosion  and  floods  are  becoming  rampant,  and  deserts  are  expanding  because  ( fi 
unstable  soil  surface  created  by  the  loss  of  trees.  Some  areas  which  have  depleted  i 
firewood  sources  have  resorted  to  burning  animal  dung,  thereby  breaking  the  de  i 
balance  of  the  nutrient  cycle  in  crucial  areas. 

Will  this  country  have  to  meet  a  critical  period  before  the  value  of  firewoc  I 
be  fuUy  realized?  Let  us  look  once  more  to  the  less  fortunate  countries:  (1)  the) 
expended,  for  the  most  part,  all  firewood  materials;  (2)  they  are  not  prosperous e;  i- 
to  switch  to  an  oil  product;  (3)  they  have  no  way  to  stay  warm  or  cook  their  J 
Result?  CRISIS.  Solution:  A  sonic  device  has  been  developed  that  breaks  downUI 
and  other  organic  materials  into  methane  gas  and  a  byproduct  that  is  good  con  {,t 
Here  a  crisis  was  needed  before  a  solution  to  a  known  problem  could  be  founc  K 
cost  of  the  project  presents  a  problem;  however,  it  does  have  potential. 

These  are  extreme  cases;  however,  they  are  pertinent  to  the  problem  at  ha 
our  cities  we  are  experiencing  similar  problems:  (1)  a  higli  concentration  of  p 
(2)  oU,  gas,  and  electricity  are  becoming  scarce  and  expensive;  (3)  the  growth  of  - 
has  stifled,  if  not  totally  eradicated,  the  supply  of  firewood. 

Firewood  consumption  dropped  sharply  for  the  first  5  decades  of  this  ce  i 
with  the  onset  of  oil,  gas,  coal,  and  electricity  used  in  cooking  and  heating.  In 
years,  however,  firewood  has  become  a  sought-after  item  in  today's  market; 


Parks  Arboriculture  Manager,  City  of  Atlanta  Bureau  of  Parks  and  Recreation,  260  C 
Avenue,  SW,  Atlanta,  Georgia. 

^Eckholm,  E.  P.  1975.  The  other  energy  crisis:  FIREWOOD.  Am.  For.  81(ll):12-]3. 
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Ijor  part  of  the  market  exists  in  communities  in  and  around  the  Nation's  cities.  A 
ijority  of  the  homes  being  built  in  the  East  include  wood-burning  fireplaces  and/or 
ves.  ^ 

Although  this  trend  may  be  limited  by  increased  air  pollution  standards,  people 
itinue  to  search  for  alternatives  to  their  dependency  on  oil. 

Ironically,  there  is  now  cash  for  both  "culled"  or  "worthless"  trees  and  residues 
(I  by  timber  or  pulpwood  operations.  This  market  is  either  for  firewood  or  chip 
iterial. 

In  Atlanta,  Georgia,  the  wood  residues  taken  from  the  3,000  acres  of  parks  and 
5  00  miles  of  rights-of-way  were  being  buried  in  the  landfills.  Within  the  last  few 
Virs,  two  programs  have  developed:  the  increased  use  of  wood  chips  and  the  free 
'iiwood  program,  which  has  brought  tremendous  public  response  and  at  the  same 
ie  saved  the  city  money.  It  also  has  reduced  pressure  on  the  landfUl  operations 
i^und  the  city. 

Since  1975,  two  of  Atlanta's  three  municipal  landfills  were  closed,  placing  a  hard- 
io  on  all  dumping  activities.  The  one  remaining  site  was  located  at  an  inconvenient 
in  outside  the  perimeter.  Average  travel  time  to  and  from  the  area  averaged  3'/2  hours 
>  day.  By  having  three  crews  to  handle  logs  and  chip  materials,  a  total  of  approxi- 
rltely  lOVi  hours  (depending  on  weather  and  traffic  conditions)  is  spent  transporting 
:ij;s  to  the  landfill  area. 

A  proposal  was  made  to  establish  three  holding  areas  in  Atlanta:  one  on  the  north 
,  one  around  midtown,  and  one  on  the  south  side  of  town.  Small  areas  of  parkland 

kh  were  not  being  used  and  were  not  close  to  residents  were  designated  as  dumps 

the  tree  residues. 

Before  this  system  could  be  implemented,  the  Mayor  and  City  Council  had  to  give 

r  consent.  The  city  cannot  give  to  a  nonprofit  organization  or  dispose  of  "city 

ifoerty"  without  holding  a  public  auction  or  obtaining  the  consent  of  the  Mayor  and 

C|incil.  By  identifying  the  residents  of  Atlanta  as  the  "nonprofit  organization"  and 

Jiving  that  the  program  would  save  the  city  money,  the  proposal  was  approved. 

Costs  for  using  the  landfills  were  as  follows: 

-average  21  manhours  (2  men/truck)  at  an  average  of  $4.50/hr.  =  $94.25  per  day. 
-average  lOVi  running  hours  at  an  average  equipment  cost  of  $3/hr.  =  $31 .50  per 
,     day.  Total:  $125.75  per  day. 
-$125.75  X  5  (days/week)  =  $628.75  per  week. 
$628.75  X  50  (work  weeks/year)  =  $31 ,437.50  per  year. 

j  With  the  implementation  of  the  program,  it  was  estimated  that  travel  time  would 
Of  educed  by  50  percent,  a  savings  of  $15,718.75  per  year.  In  actuality,  there  is  only 
livings  of  $10,397. 

Now  that  the  political  red  tape  has  been  cut,  the  Law  Department  blessed  the 
3r|ram.  Questions  were  raised  about  the  liability  of  people  cutting  wood  on  city 
3i|5erty.  It  was  decided  that  warning  signs  would  be  erected.  Although  this  action 
iViild  not  totally  relieve  the  city  of  its  liability,  it  did  give  fair  warning  to  users 

:;4  !)• 
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Figure  1. -Signs  were  erected  to  provide  warning  and  use  information  to  the  public. 

Although  there  is  no  one  assigned  to  oversee  these  woodyards,  the  imphcation:  < 
the  signs  keep  the  people  honest.  The  reason  for  the  limitations  on  trucks  is  to  discc  i 
age  commercial  people  from  taking  advantage  of  this  wood  source. 

In  lieu  of  having  a  person  stationed  at  each  site,  all  crews  in  the  Bureau  of  Pa 
and  Recreation  have  been  asked  to  report  any  discrepancies  they  observe,  either  wl 
working  nearby  or  just  passing  the  areas.  To  date,  only  a  few  incidents  have  occurr 

On  the  few  occasions  that  residents  or  commercial  people  have  tried  to  use  th 
areas  for  dumping,  there  have  been  no  problems  in  having  them  clean  up  the  area 
prosecuting  them  according  to  the  dumping  laws  of  the  city. 

The  question  of  selling  this  wood  was  considered;  however,  this  operation  i 
temporary  measure,  and  the  massive  amount  of  paperwork,  amending  of  ordinanc 
and  setting  up  new  systems  make  this  impractical. 

Firewood  has  become  a  backup  heating  and  cooking  source  during  times  of 
storms,  floods,  and  blackouts  (fig.  2).  The  city  is  working  in  cooperation  with  C  ,, 
Defense  to  supply  firewood  to  victims  of  any  major  catastrophe.  I 

Because  of  Atlanta's  climate  and  rainfaU,  wood  cut  and  stored  in  the  open  \ 
last  only  3  to  4  months.  Each  year  the  city  culls  decomposing  wood  and  chips  ^j^ 
other  uses.  t 
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iiiL-   2.-Ice  storms  produce  problems  of  repair  and  removal  for  Atlanta  residents,  but  also 
increase  demand  for  firewood  due  to  power  outages. 

Chips  are  the  most  versatOe  and  economical  use  of  wood  accumulated  in  Atlanta's 
)>:ein.  Chips  are  being  used  in  place  of  asphalt,  concrete,  sand,  rock,  and  dust.  Using 
:bs  in  place  of  these  materials  saves  replacement  cost,  restores  nutrients  to  the  regu- 
anutrient  cycle,  and  disposes  of  a  material  which  was  once  taking  up  landfill  space. 

I  The  encouraging  part  about  wood  chips  is  that  after  only  a  few  hours  of  educating 
:h  city  administration  about  the  benefits  of  this  byproduct,  demand  for  wood  chips 
>on  exceeded  supply.  Presently,  requests  average  80  truckloads  (40,320  cubic  feet) 
3e  week.  With  the  existing  resources,  the  program  is  able  to  supply  only  10  truck- 
ols  (5,040  cubic  feet)  per  week,  with  20  loads  (22,400  cubic  feet)  of  wood  going  to 
th  woodyards.  With  the  purchase  of  a  whole-log  chipper,  the  program  will  not  be  able 
tcneet  the  current  need,  but  we  will  be  using  a//  wood  waste  products. 

Future  efforts  are  being  directed  toward  using  waste  materials  from  tree  busi- 
le'ies,  utility  companies,  and, possibly,  construction  companies  in  an  effort  to  increase 
thjsupply  of  chips  in  the  system. 

Chips,  as  mentioned  before,  are  replacing  traditional  ground  covers  in  je  park 
syem.  However,  all  trees,  shrubs,  and  flower  boxes  do  not  have  a  mowing  edge  of 
m'ch  around  them,  nor  have  all  the  banks  of  the  park  system  been  erosion  stabilized. 
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The  only  problem  in  using  chips  was  presented  during  an  arts  festival  where  they  wei 
being  used  as  a  ground  cover  in  a  tent.  The  Fire  Marshall  refused  to  approve  "flan 
mable  material"  being  used  in  an  "enclosed"  area,  even  though  the  chips"  wate 
retaining  ability  was  higlier  than  the  first  3  inches  of  soil. 

If  you  have  a  valuable  resource  such  as  firewood  or  chips,  get  excited  about  i 
you  are  sitting  on  a  gold  mine.  You  may  not  be  able  to  prove  savings  in  actual  budgi 
dollars,  but  improving  an  operation,  developing  a  complete  environment,  and  solvir 
maintenance  problems  are  measures  which  cannot  be  budgeted  for,  but  they  do  sa\ 
dollars. 
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FUEL  PREPARATION  FOR  WASTE  WOOD  BOILERS 
Alex  D.Cobb,  Jr.' 

Abstract.- Ailei  proper  preparation,  wood  residue  may  be  used  as 
fuel  or  as  raw  material  for  such  products  as  horticultural  mulch, 
animal  bedding,  poultry  litter,  particleboard,  fireplace  logs,  and  fuel 
pellets.  The  reuse  of  waste  wood  requires  an  understanding  of  waste 
wood  boilers,  wood-reduction  machines  (hogs),  waste  loads,  eco- 
nomic considerations,  and  the  services  provided  by  consultants. 

INTRODUCTION 

Annually  the  volume  of  solid  waste  in  the  United  States  amounts  to  over  4  billion 
3;  and  is  increasing  at  a  disturbing  rate.  Everyone— producers  and  consumers— 
n  tes  solid  waste.  The  larger  and  more  affluent  the  population,  the  greater  the  vol- 
nj;  of  solid  waste.  The  problem  is  compounded  by  archaic  municipal  and  county 
opction  and  disposal  practices. 

Of  the  solid  waste  produced  annually  in  the  United  States,  animal  waste  accounts 
?some  2  billion  tons;  mineral  waste  for  more  than  1  billion  tons;  agricultural  waste 
3  nearly  650  million  tons;  household,  commercial,  and  other  municipal  waste  for 
bjt  300  million  tons;  and  industrial  waste  for  almost  130  milHon  tons.  Projections 
rrthat  soUd  waste  generated  in  the  metropolitan  areas  will  more  than  triple  by  the 
e^  2000. 

Sixty-five  percent  of  our  population  now  lives  in  urban  areas.  Generally,  cities 
3t,e  for  the  least  expensive  means  of  solid  waste  disposal— open  dumping  and  open 
uiing.  These  methods  pollute  the  air  and  water,  devour  valuable  land,  pose  fire 
airds,  breed  germs  and— worst  of  all— waste  natural  resources.  Over  the  last  5  or  10 
e  s,  air  and  water  pollution  problems  have  caught  the  interest  of  the  public.  Only 
J(intly  has  attention  been  given  to  solid  pollutants  and  the  need  to  conserve  valuable 
i<;i  ials  that  would  otherwise  be  lost  in  countless  city  and  town  trash  heaps. 

There  is  uncertainty  about  how  much  municipal  waste  goes  where,  but  the  Federal 
kernment  has  estimated  that  77  percent  goes  to  open  dumps,  10  percent  to  inciner- 
t(s,  and  13  percent  to  sanitary  landfills.  The  remaining  waste  is  converted  into  com- 
0  or  salvaged  for  reuse.  Studies  have  shown  that  waste  wood  constitutes  10  to  20 
eent  of  landfill  material  and  takes  a  disproportionate  share  of  landfill  space  because 

oes  not  compact  as  well  as  other  materials.  Furthermore,  as  buried  wood  begins  to 
compose  it  forms  methane,  which  is  a  colorless  and  odorless  but  highly  inflammable 
lyrocarbon  gas,  sometimes  known  as  marsh  gas.  Gasification  of  the  rotting  wood 
aijes  pockets  which  later  collapse  in  the  landfill. 

jwhat  is  the  solution?  The  open  dump  is  not  the  solution.  Sanitary  landfills  are 
inl  a  stopgap  measure.  Incineration  is  becoming  increasingly  costly  and  is  subject  to 
trigent  EPA  regulation.  More  importantly,  none  of  these  methods  recovers  resources; 
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they  merely  dispose  of  them.  The  method  of  the  future,  therefore,  is  to  reclaim  mm 
of  our  urban  refuse  and  reuse  it. 

WASTE  AS  FUEL 
Many  industrial  plants  are  spending  considerable  amounts  of  money  to  get  rid  - 
waste  materials  that  are  a  potentially  valuable  supplemental  energy  source.  One  stu( 
indicates  that  combustible  waste  equivalent  to  over  700,000  barrels  of  fuel  oil  is  throv 
away  daily  in  this  country. 

Plenty  of  waste  is  available,  the  equipment  to  process  and  burn  it  is  on  the  marke 
and  the  economics  are  favorable.  In  addition,  burning  waste  as  a  supplemental  cnerj 
source  reduces  fossil-fuel  requirements.  For  example: 

Less  than  Wi  tons  of  general  plant  waste  produces  heat  equivalent  to  that  pr  , 
duced  by  1  ton  of  coal. 

—  One  ton  of  this  waste  produces  heat  equivalent  to  that  produced  by  over  60  ga 
Ions  of  fuel  oil. 

—  Less  than  1  ton  of  this  waste  produces  heat  equivalent  to  that  produced  b  ; 
8,000  cubic  feet  of  natural  gas. 

Any  plant  requiring  1 ,000  pounds  of  steam  per  hour  and  generating  1  ton  of  wasi 
per  day  should  consider  using  waste-fuel  firing  as  a  supplementary  source  of  cnerg 
Three  factors  should  be  considered  when  the  potential  of  waste  as  a  fuel  source 
being  evaluated:  the  amount  of  onsite  waste  produced;  the  BTU  content  of  this  wasti 
and  an  economic  comparison  of  the  waste  wood  fuel  and  the  fuel  presently  in  use. 

The  following  chart  shows  the  heating  values  of  some  common  waste  woo 
materials: 

HEATING  VALUE  OF  COMMON  WASTE  MATERIALS 


Waste  material  Heating  value/lb  (as  fired)     ,; 

(BTU)'  i 

Used  automobile  tire  casings 13,000 

Type  "O"  trash  (paper,  cardboard,  wood,  boxes, 

sweepings 8,500 

Wood  sawdust  (pine) 9,600 

Wood  sawdust 7,800-8.500 

Wood  bark  (fir) 9,500 

Wood  bark 8,000-9,000 

Oak  scrap 7.990 

Pine  scrap 8,420 


I 


'bTU  =  British  Thermal  Unit-thc  amount  of  heat  required  to  raise  the  temperature 


of  1  lb.  of  water  1"  F  at  or  near  39.2    I". 


Many  industries  with  high  energy  requirements  are  switching  from  fossil  fueH 
wood.  Wood-energy  production  could  play  a  very  important  role,  especially  in  sue! 
highly  timbered  areas  as  the  South  and  West. 
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RECOVERING  THE  COST  OF  CONVERSION 

Industry  experts  have  estimated  that  the  cost  of  converting  to  a  waste  wood  boiler 
:  1  usually  be  recovered,  from  savings,  within  3  to  5  years,  depending  on  the  location 
:  tlio  plant,  the  type  and  amount  of  onsite  waste  generated,  and  the  cost  of  other  fuels. 

A  major  factor  to  be  considered  is  the  rather  high  initial  capital  cost  to  purchase 
iJ  install  the  fuel-handling,  processing,  and  firing  equipment  required  with  a  waste 
t<  od  burner.  However,  this  is  more  than  offset  by  wood  fuel  that  will  be  used  at  a 
;;l  vastly  lower  than  that  of  commercial-grade  fuel  oil  or  natural  gas. 

In  one  system,  which  is  about  3  years  old  and  uses  the  fluid-bed  combustion 
:unber,  the  total  first-year  investment  in  boUer-house  equipment  and  a  20,000 
:iic-foot  material-handling  system  came  to  $240,000.  However,  the  first  year's  fuel 
iiings  (using  wood  residue  instead  of  1  million  gallons  of  No.  6  fuel  oil  at  $0.30/gal) 
Dounted  to  $285,000.  Subtracting  $7,770  per  year  for  increased  maintenance  costs, 
;l:ti  icity,  and  insurance  resulted  in  a  net  savings  of  $277,230.  So,  in  the  first  year  the 
3iier  saved  enough  to  pay  for  the  system,  plus  a  small  profit.  In  succeeding  years,  he 
.vi  he  putting  at  least  $277,230  annually  toward  profits. 

TYPES  OF  WASTE  WOOD  BOILERS 

Numerous  conventional  boiler  systems  are  now  being  designed  and  installed  to 
J) vide  uidustry  with  heat,  process  steam,  and  onsite  electricity  from  raw-wood 
Tiierial  as  a  fuel.  These  systems  are  primarily  of  three  basic  types: 

Dutch  oven.— The  oldest  and  most  simple  boiler  system— though  not  necessarily 
i  most  efficient  or  the  most  pollution  free— is  the  Dutch  oven.  This  is  a  large  refrac- 
c,  -lined  compartment,  with  grates,  which  sits  in  front  of  and  below  a  boiler.  A  large 
3i|  of  fuel— in  our  example,  shredded  or  hogged  wood  scrap— is  maintained  in  the 
jVn,  where  primary  breakdown  takes  place.  Combustion  is  completed  in  the  chamber 
iiiated  behind  the  radiant  section  of  the  boiler.  The  Dutch  oven  has  been  known  to 
3{form  satisfactorily  even  with  very  wet  fuel,  but  it  does  not  respond  well  to  widely 
flijtuating  steam  demands,  as  the  large  pile  takes  considerable  time  to  burn  down  or 
11  d  up,  and  the  system  must  be  attended  constantly.  Nevertheless,  if  fired  conserva- 
:ivly  with  a  reasonable  fuel  (not  overfired),  Dutch  ovens  can  meet  most  anti-pollution 
'e'iirements. 

Stoker  feeder.— A  second,  very  popular  way  to  fire  wood  in  a  boiler  is  througli  a 
itcer  feeder  or  spreader-stoker.  Here  the  incoming  fuel  is  metered  into  a  wide,  flat, 
'ic.zontal  air  stream  and  spread  in  a  thin  bed  over  grates  for  aeration  and  uniform 
3Xosure  to  combustion.  Fuel  feed  is  more  easily  controlled  to  foUow  fluctuations  in 
5t<m  demand.  If  the  grates  are  at  the  bottom  of  a  rather  large  refractory -lined  com- 
^u  ion  chamber,  performance  can  be  quite  satisfactory.  However,  it  should  be  pointed 
u  that  stoker-fed  systems,  in  general,  require  cinder  reinjection  and  high-efficiency 
:02ction  equipment  to  meet  today's  rigid  air  pollution  standards. 

^Suspension  burners.— A  third  boiler  system  burns  the  fuel  in  suspension;  these  are 
Qfjwo  types:  (1)  A  cyclonic  burner,  which  usually  requires  dry  fuel  with  moisture 
copnt  of  15  percent  or  less,  as  might  be  found  in  dry  planer-mill  shavings,  sawdust, 
iiruln-dried  wood  scrap.  The  material  must  be  finely  pulverized  for  feeding  the 
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they  merely  dispose  of  them.  The  method  of  the  future,  therefore,  is  to  reclaim  mii 
of  our  urban  refuse  and  reuse  it. 

WASTE  AS  FUEL 

Many  industrial  plants  are  spending  considerable  amounts  of  money  to  get  ridi) 

waste  materials  that  are  a  potentially  valuable  supplemental  energy  source.  One  stii 

indicates  that  combustible  waste  equivalent  to  over  700,000  barrels  of  fuel  oil  is  thron 

away  daily  in  this  country. 

Plenty  of  waste  is  available,  the  equipment  to  process  and  burn  it  is  on  the  markl 
and  the  economics  are  favorable.  In  addition,  burning  waste  as  a  supplemental  enee 
source  reduces  fossil-fuel  requirements.  For  example: 

—  Less  than  Wi  tons  of  general  plant  waste  produces  heat  equivalent  to  that  p|j 
duced  by  1  ton  of  coal. 

—  One  ton  of  this  waste  produces  heat  equivalent  to  that  produced  by  over  60  jj 
Ions  of  fuel  oil. 

Less  than  1  ton  of  this  waste  produces  heat  equivalent  to  that  produced  J 
8,000  cubic  feet  of  natural  gas. 

Any  plant  requiring  1 ,000  pounds  of  steam  per  hour  and  generating  1  ton  of  Wc ; 
per  day  should  consider  using  waste-fuel  firing  as  a  supplementary  source  of  enei : 
Three  factors  should  be  considered  when  the  potential  of  waste  as  a  fuel  sourc 
being  evaluated:  the  amount  of  onsite  waste  produced;  the  BTU  content  of  this  wa  I 
and  an  economic  comparison  of  the  waste  wood  fuel  and  the  fuel  presently  in  use. 

The  following  chart  shows  the  heating  values  of  some  common  waste  w(  ( 
materials: 

HEATING  VALUE  OF  COMMON  WASTE  MATERIALS 

Waste  material  Heating  value/lb  (as  fired) 

(BTU)' 

Used  automobile  tire  casings 13,000 

Type  "O"  trash  (paper,  cardboard,  wood,  boxes, 

sweepings 8,500 

Wood  sawdust  (pine) 9,600 

Wood  sawdust 7,800-8,500 

Wood  bark  (fir) 9,500 

Wood  bark 8,000-9,000 

Oak  scrap 7,990 

Pine  scrap 8,420 

'bTU  =  British  Thermal  Unit-the  amount  of  heat  required  to  raise  the  temperature 
of  1  lb.  of  water  1    1'  at  or  near  39.2    F. 

Many  industries  with  high  energy  requirements  are  switching  from  fossil  fuel; 
wood.  Wood-energy  production  could  play  a  very  important  role,  especially  in  s 
highly  timbered  areas  as  the  South  and  West. 
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RECOVERING  THE  COST  OF  CONVERSION 

Industry  experts  have  estimated  that  the  cost  of  converting  to  a  waste  wood  boiler 
can  usually  be  recovered,  from  savings,  within  3  to  5  years,  depending t)n  the  location 
of  the  plant,  the  type  and  amount  of  onsite  waste  generated,  and  the  cost  of  other  fuels. 

A  major  factor  to  be  considered  is  the  rather  high  initial  capital  cost  to  purchase 
and  install  the  fuel-handling,  processing,  and  firing  equipment  required  with  a  waste 
wood  burner.  However,  this  is  more  than  offset  by  wood  fuel  that  will  be  used  at  a 
:ost  vastly  lower  than  that  of  commercial-grade  fuel  oil  or  natural  gas. 

In  one  system,  which  is  about  3  years  old  and  uses  the  fluid -bed  combustion 
hamber,  the  total  first-year  investment  in  boiler-house  equipment  and  a  20,000 
;ubic-foot  material-handling  system  came  to  $240,000.  However,  the  first  year's  fuel 
lavings  (using  wood  residue  instead  of  1  million  gallons  of  No.  6  fuel  oil  at  $0.30/gal) 
imounted  to  $285,000.  Subtracting  $7,770  per  year  for  increased  maintenance  costs, 
Hectricity,  and  insurance  resulted  in  a  net  savings  of  $277,230.  So,  in  the  first  year  the 
)wner  saved  enough  to  pay  for  the  system,  plus  a  small  profit.  In  succeeding  years,  he 
vill  be  putting  at  least  $277,230  annually  toward  profits. 

TYPES  OF  WASTE  WOOD  BOILERS 

Numerous  conventional  boiler  systems  are  now  being  designed  and  installed  to 

fro  vide   industry  with  heat,  process  steam,  and  onsite  electricity  from  raw-wood 
laterial  as  a  fuel.  These  systems  are  primarily  of  three  basic  types: 

Dutch  oven.—Vi\e  oldest  and  most  simple  boiler  system— though  not  necessarily 
he  most  efficient  or  the  most  pollution  free— is  the  Dutch  oven.  This  is  a  large  refrac- 
lory-hned  compartment,  with  grates,  which  sits  in  front  of  and  below  a  boiler.  A  large 
Ibile  of  fuel— in  our  example,  shredded  or  hogged  wood  scrap— is  maintained  in  the 
j)ven,  where  primary  breakdown  takes  place.  Combustion  is  completed  in  the  chamber 
jituated  behind  the  radiant  section  of  the  boiler.  The  Dutch  oven  has  been  known  to 
|erform  satisfactorily  even  with  very  wet  fuel,  but  it  does  not  respond  well  to  widely 
jluctuating  steam  demands,  as  the  large  pile  takes  considerable  time  to  burn  down  or 
bild  up,  and  the  system  must  be  attended  constantly.  Nevertheless,  if  fired  conserva- 
jively  with  a  reasonable  fuel  (not  overfired),  Dutch  ovens  can  meet  most  anti-pollution 
fequirements. 

Stoker  feeder— A.  second,  very  popular  way  to  fire  wood  in  a  boiler  is  through  a 
toker  feeder  or  spreader-stoker.  Here  the  incoming  fuel  is  metered  into  a  wide,  fiat, 
iiorizontal  air  stream  and  spread  in  a  thin  bed  over  grates  for  aeration  and  uniform 
jxposure  to  combustion.  Fuel  feed  is  more  easily  controlled  to  follow  fluctuations  in 
Iteam  demand.  If  the  grates  are  at  the  bottom  of  a  rather  large  refractory -lined  com- 
ustion  chamber,  performance  can  be  quite  satisfactory.  However,  it  should  be  pointed 
jut  that  stoker-fed  systems,  in  general,  require  cinder  reinjection  and  high-efficiency 
pllection  equipment  to  meet  today's  rigid  air  pollution  standards. 

Suspension  bumers.—A.  third  boiler  system  burns  the  fuel  in  suspension;  these  are 
f  two  types:  (1)  A  cyclonic  burner,  which  usually  requires  dry  fuel  wdth  moisture 
pntent  of  15  percent  or  less,  as  might  be  found  in  dry  planer-mill  shavings,  sawdust, 
r  kiln-dried  wood  scrap.  The  material  must  be  finely  pulverized  for  feeding  the 
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burner.  (2)  A  fluidized  bed  unit  which  burns  either  dry  or  wet  fuel  having  up  to  55 
60  percent  moisture  content.  The  dryer  wastes,  of  course,  have  a  higher  BTU  conte 
For  example,  kiln-dried  scrap  wood  contains  approximately  16  million  BTU's  per  t 
which  is  the  equivalent  of  114  gallons  of  fuel  oil  or  16,000  cubic  feet  of  natural  j 

Waste  wood  boilers  must,  in  most  cases,  be  prepared  to  operate  overnight  and 
weekends.  Thus,  it  will  be  necessary  to  have  a  storage  system  for  the  wood  fuel,  jus 
it  is  necessary  to  provide  onsite  storage  for  fuel  oU  or  Hquified  gas.  Storage  bins  usee 
connection  with  waste  wood  boilers  are  generally  tall  silos  with  either  mechanical! 
pneumatic  infeed  and  discharge  conveying  systems  for  loading  and  unloading, 
wood  fuel  must  be  hogged  (reduced  in  size)  to  facilitate  storing  and  conveying.  H 
ging  is  necessary  even  though  some  of  the  units  will  burn  large  chunks  of  wood;  ol 
ously,  large  chunks  cannot  be  stored  or  conveyed  well,  so.it  is  necessary  to  hog 
fuel  down  to  a  manageable  size. 

FUEL  PREPARATION  HOGS 

Fuel  preparation  for  waste  wood  boilers  is  accomplished  by  a  machine  calle 
hog— sometimes  referred  to  as  a  hammermill,  shredder,  or  pulverizer.  The  derivatior 
the  term  "hog"  is  not  accurately  known,  but  it  may  have  something  to  do  with 
voracious  appetite  these  machines  have  for  devouring  waste  materials— especially  w( 
waste  from  sawmills,  lumber  mills,  plywood  and  veneer  plants,  wood-manufactui 
operations  and,  of  course,  urban  wood  waste.  Hogs  are  used  to  grind  bark— large  qi 
titles  of  it,  in  fact— which  is  removed  from  the  raw  logs  in  sawmills  and  pulpmills. 

Some  hogs  employ  a  unique  cutting  action  involving  stationary  anvils  positio 
on  the  side  of  the  machine  with  rotating  teeth  (hammers)  that  pass  through  rectar 
lar  pockets  formed  by  these  anvils.  This  positive  cutting  action  between  the  teeth 
the  anvils  performs  what  amounts  to  the  first  particle-sizing  function  in  a  two-st 
process. 

The  second  sizing  action  occurs  when  the  material  cut  by  the  action  of  the  tt 
against  the  anvils  is  directed  downward  and  across  a  curved  particle-sizing  screen  wl 
fits  underneath  the  rotating  element.  The  screen  contains  either  round  or  rectangi 
shaped  openings  whose  size  is  determined  by  the  specific  application  for  which 
machine  is  sold.  Obviously,  small,  round  or  square  holes  are  used  to  produce  fine,  s 
dust -like  material;  larger  round  or  rectangular  openings  produce  chunky  pieces  ha' 
a  greater  cross-section  and  length. 

Hogs  can  be  furnished  with  either  gravity  infeed  or  horizontal  infeed  of  (j: 
material  to  be  processed.  However,  horizontal  infeed  models,  which  are  desigi|l 
primarily  for  handling  long,  flat  pieces  of  scrap  over  8  feet  long,  have  restrictions  ji 
the  thickness  of  material  which  may  be  processed,  depending  on  the  diameter  of  h 
cutting  circle.  None  of  these  horizontal-feed  models  would  be  suitable  for  cer  i|i 
types  of  waste,  such  as  bark,  small  cutoff  and  blocks,  loose  sheets  of  paper,  and  sin  i 
materials. 

Hogs  made  by  Montgomery  Industries,  for  example,  are  available  in  the  follov  i 
series:  HD,  PM,  PM-KC,  CS-KC,  XL-KC,  and  NAS.  The  difference  in  each  series  is  I 
diameter  of  the  cutting  circle  of  the  teeth  and/or  whether  the  anvils  are  mountec 
the  side  of  the  hog  in  a  stationary  position  (as  is  the  case  with  HD  and  PM  models" 
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mounted  on  a  pivot  shaft  to  swing  away  from  the  cutting  area  on  severe  impact  with 

e  tramp  steel  (as  with  the  KC  and  NAS  models). 

VARIETIES  OF  HOGS 
The  HD  model  has  an  18-'/4-inch  cutting  circle,  and  the  PM  model  has  a  22-inch 
cutting  circle.  Both  models  employ  2-inch-wide  cutting  teeth  and  2-inch-wide  anvils 
mounted  on  the  side  of  the  housing.  The  anvils  are  adjustable  to  maintain  the  proper 
tooth-anvO  clearance  for  efficient  hogging.  The  wear  surfaces  of  both  teeth  and  anvils 
ire  hardfaced  for  extra  long  life,  and  when  worn  may  be  rebuilt  at  about  half  the  cost 

bf  new  parts.  The  hogs  will  handle  light  tramp  steel  V4  inch  and  smaller,  nails,  small 

'^  3olts,  and  steel  strapping.  An  internal  bronze  shearpin  arrangement  protects  against 

''  damage  from  heavy  tramp  steel. 

The  HD  and  PM  models  can  be  furnished  with  either  gravity  discharge  or  an 
ntegral  fan  for  applications  where  it  may  be  more  convenient  to  pneumaticaUy  convey 
:he  material  after  grinding.  The  integral  fan  model  uses  less  floor  space  than  a  gravity- 

li  ype  hog  with  a  separate  fan,  as  only  a  single  motor  and  drive  is  required;  two  motors 

jj  md  two  drives  are  required  when  the  fan  and  hog  are  separate. 

"  The  HD  and  PM  models  are  normally  equipped  with  a  steel  flywheel  which 
*'  )rovides  additional  energy  to  carry  the  rotor  through  surge  loads.  Integral  fan  models 
"'  lormally  require  a  V-belt  drive  because  the  shaft  speed  seldom  coincides  with  the  full- 
1"  oad  motor  speed.  Bottom  discharge  models  are  normally  connected  directly  to  the 
^otor  with  a  flexible  coupling  because  the  first  cost  on  the  flexible  coupling  is  lower 
ioi  Ihan  the  cost  of  a  V-belt  drive. 

"I'  The  range  of  sizes  on  the  HD  and  PM  series,  measured  parallel  to  the  shaft,  starts 
"Ijvith  a  small  10-inch  model  and  increases  in  8-inch  increments  to  a  74-inch  rotor 
'%ngth.  Such  hogs  are  generally  used  for  most  light  and  medium  sawmill,  lumbermill, 
ind  wood-furniture  applications  to  process  wood  scrap,  small  quantities  of  bark,  veneer 
lijjOundup,  broken  pallets,  and  simUar  industrial  waste. 

i  1  Cutting  circles  on  the  KC  and  NAS  hogs  range  from  22  to  54  inches.  The  teeth 
litlfnd  anvUs  on  these  models  are  3  inches  wide  and  are  hardfaced  for  extra  long  life.  The 
ilnvil  points  are  mounted  on  swinging  anvil  holders  supported  in  a  yoke  and  pivoted  so 
;,ii|hey  will  swing  away  from  the  cutting  circle  if  large  tramp  steel  enters  the  hog.  On 
lii'luch  occasions,  a  trip  latch  releases  and  drops  the  screen,  preventing  serious  damage;  a 
»ressure  switch  activates  a  signalling  device  which  informs  operating  personnel  that  the 
(,ll|rotection  mechanism  requires  resetting. 

si? !  The  KC  models  and  the  NAS  hog  are  designed  for  gravity  discharge  only,  with  the 
OS  [xception  of  one  model  of  the  Montgomery  Railroad  Crosstie  Destroyer,  which  accepts 
oi  lull-length  ties  horizontally.  No  flywheels  are  required  with  these  models  because  of  the 
f  farge  mass  of  the  rotating  element.  Sizing  on  the  KC  models,  measured  parallel  to  the 
-  haft,  commences  with  1 5  inches  of  rotor  length  and  increases  in  6-inch  increments  to 
5  inches.  The  NAS  model  has  been  built  as  large  as  87  inches  of  rotor  length.  Apph- 
ations  include  grinding  heavy  bark  (in  sawmills  and  pulpmills),  railroad  crossties  and 
jj|oxcar  dunnage,  demoUtion  waste,  tree  Umbs,  discarded  tire  casings,  and  soft  metals. 
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SELECTING  THE  PROPER  HOG 

There  are  three  major  factors  to  be  considered  in  selecting  a  hog  for  any  appli' ; 
tion:  the  size  of  the  waste,  including  length,  width,  and  thickness;  the  quantities 
waste,  including  average  flow  rates  and  maximum  surge  rates;  and  the  desired  size  a  i 
use  of  the  final  product. 

First,  the  bulk  dimensions  of  the  scrap  must  be  known  to  ensure  that  the  wa  I 
material  will  fit  into  the  opening  of  the  hog.  When  dealing  with  urban  wood  waste,  1 
maximum  width  of  the  scrap  is  used  to  determine  the  minimum  hog  infeed  openi 
parallel  to  the  shaft.  The  maximum  thickness  of  the  scrap  and  the  type  of  material ;  i 
used  to  determine  the  proper  bearing  size.  The  maximum  length  of  the  scrap  is  used 
determine  the  height  of  the  upper  infeed  hopper,  if  a  gravity-infeed  model  is  selecti : 
or  whether  the  length  of  the  material  requires  a  horizontal-feed  model. 

Second,  the  capacity  of  the  hog  selected  for  a  given  application  must  be  adequ;  I 
to  handle  not  only  the  average  flow  of  incoming  material,  but  also  occasional  sui . 
loads  caused  by  a  sudden  buildup  on  the  infeed  conveyor. 

Third,  the  required  particle  size  governs  the  screen  size,  and  this  in  turn  ha 
substantial  bearing  on  hog  selection  and  capacity.  The  larger  the  screen  openings,  I 
larger  the  hog  capacity  for  a  given  size.  If  the  desired  size  of  the  end  product  and 
use  are  known,  it  is  possible  to  select  a  screen  opening  that  wUl  produce  the  app  i 
priate  product.  The  following  chart  shows  the  capacities  of  various  hogs: 

WOOD  BLOCKS,  EDGINGS,  AND  SLABS 


Average  capacity  (It 

is/hr) 

Hog  size 

Screen  size 

HP 

reqi 

uiied 

HD  series 

(inches) 

3" 

IVi" 

%"' 

Max. 

Mm.' 

18 

10,800 

5,400 

2,700 

97 

50 

34 

20,400 

10,200 

5,100 

182 

50 

58 

•     34,800 

17,400 

8,700 

310 

60 

'  TTie  screen  area  on  slabs  must  be  2  inches  or  larger  to  keep  the  screen  from  filling  up  ' 
chips  and  acting  as  a  brake  on  the  rotor. 

'Minimum  horsepowers  shown  are  required  to  accelerate  the  hog  up  to  speed  (norn' i 
1,200  RPM)  within  30  seconds. 

There  are  many  other  factors  used  in  selecting  the  correct  hog  for  a  given  ap ' 
cation.  Among  these  are:  size  of  infeed  opening,  bearing  size,  maximum  bearing  spe ; 
wood  species,  and  drive  selection. 

SCREEN  SIZES  FOR  WASTE  WOOD  BURNERS 

For  hogs  used  in  the  preparation  of  fuel  for  waste  wood  burners,  there  are  th 
size  ranges,  depending  upon  the  type  of  boiler  in  use.  For  coarse  boiler  fuel,  a  3-i;  < 
screen  is  recommended.  For  grinding  waste  wood  to  use  as  fuel  in  boilers  with  at 
matic  stokers  or  fluid-bed  burners,  screens  with  2-inch  holes  are  recommended,  as  i 
baffles  welded  transversely  along  the  outer  surface  of  the  screen  to  prevent  sticks  fi ) 
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iassing  into  the  discharge  conveying  system,  thus  causing  a  blockage  somewhere  down 
he  line.  Cyclonic-type  burners  need  a  two-stage  grind  to  produce  the  finely  pulverized 
laterial  required  to  support  combustion:  the  primary  breakdown  unit  uses  a  1-inch 
:reen;  the  secondary  unit  is  a  high-speed  hammermill  that  reduces  material  to  less 
,han  V4  inch. 

ESTIMATING  WASTE  LOADS 
The  prospective  customer  for  a  fuel-preparation  hog  would  be  expected  to  furnish 
le  average  and  surge  flow  rates  of  material  going  to  the  hog.  These  rates  should  be 
icorporated  into  the  quotation  by  the  factory  as  part  of  the  design  conditions  under 
^hich  the  performance  of  the  hog  is  guaranteed.  Consulting  engineers  or  suppliers  of 
^aste  wood  boiler  systems  will  generally  verify  these  figures  with  the  hog  manufacturer. 

In  the  case  of  wood-processing  industries,  such  as  pulpmills,  sawmills,  veneer  mills, 
imension  mills,  and  other  lumber  manufacturers,  certain  waste  factors  are  known 
rom  experience  and  can  be  used  as  rules  of  thumb  in  estimating  the  amount  of  wood 
trap  available  for  boiler  fuel  or  other  recyclable  material.  Following  are  some  examples: 

Pulprnill .—The  bark  from  a  standard  cord  of  wood  (128  cubic  feet)  will  weigh  700 
pounds  at  50  percent  moisture  content.  The  quantity  of  oversize  chips  produced 
when  chipping  a  cord  of  wood  is  approximately  5  percent. 

I  ^awm///.— Determine  plant  production  in  log  feet  per  hour.  For  estimating  pur- 
poses, use  1 ,200  pounds  of  bark  per  1 ,000  log  feet.  The  amount  of  green  sawdust 
produced  when  sawing  logs  to  produce  1 ,000  board  feet  of  lumber  is  approxi- 
mately 2,000  pounds  per  1 ,000  log  feet. 

Veneer  mill .— Determine  plant  production  in  log  feet  per  hour.  The  amount  of 
veneer  roundup  and  clippings  is  approximately  5,500  pounds  per  1,000  log  feet. 
The  amount  of  cores  produced,  whether  hogged  or  chipped,  is  approximately 
2,450  pounds  per  1 ,000  log  feet. 

Planer  mill.— Multiply  the  plant  production  in  board  feet  per  hour  by  5  percent 
to  determine  the  waste  load  in  board  feet  per  hour.  Then  multiply  this  quantity 
by  the  weight  per  board  foot  to  determine  the  waste  load  in  pounds  per  hour.  For 
estimating  purposes,  use  2Vi  pounds  per  board  foot  for  pine;  3Vz  pounds  per  board 
foot  for  hardwood. 

Dimension  p/a«r.— Multiply  the  plant  production  in  board  feet  per  hour  by  45  per- 
cent to  determine  the  waste  load  per  hour  in  board  feet  per  hour.  Then  multiply 
this  quantity  by  the  weight  per  board  foot  to  arrive  at  the  waste  load  in  pounds 
per  hour.  For  estimating,  use  the  same  weights  for  pine  and  hardwood  listed  above 
under  Planer  mill. 

Furniture  plants,  industrial  and  urban  wood  wastes.— W^eTe  the  customer  does  not 
have  accurate  information  on  the  expected  waste  loads,  but  the  material  is  being 
accumulated  (perhaps  from  a  belt  conveyor,  in  buggies,  carts,  bins,  or  haul-off 
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containers)  determine  the  cubic  content  of  the  bin  or  container  and  reduce  th  j 
quantity  by  50  percent  to  allow  for  voids  which  are  created  when  material 
tumbled  loosely  into  the  container.  Multiply  this  approximate  volume  of  sol  i 
wood  by  the  appropriate  density  factor  in  pounds  per  cubic  foot  to  determine  tl  i 
quantity  of  actual  waste  in  pounds  for  each  load.  Knowing  the  average  number  i 
loads  for  each  container  on  an  hourly  or  daily  basis  would  provide  a  fairly  ace  i 
rate  basis  for  selecting  the  proper  hog  size.  An  alternative  method  where  mater  i 
is  being  conveyed  on  a  belt  would  be  to  scrape  off  and  weigh  the  material  th 
passed  a  certain  point  on  the  belt  in  1 5  seconds,  then  multiply  this  weight  by  2'  I 
to  obtain  the  approximate  pounds  per  hour  to  be  processed  by  the  hog. 

CONCLUSION 
Because  all  plants,  as  well  as  their  energy  requirements  and  applications,  a  i 

different,  a  plant  considering  conversion  to  waste  wood  fuel  should  commission  ;i 

energy  study  by  a  qualified  employee  or  outside  consultants. 

In  addition  to  its  use  as  fuel,  waste  wood  has  many  other  potential  applicatior ; 
Wood  residues  have  the  following  uses:  as  animal  bedding  and  litter  to  be  sold  to  ridi  ] 
stables,  kennels,  stockyards,  zoos,  biological  laboratories,  and  auction  barns;  as  absor  i 
ent  materials  to  be  sold  to  service  stations,  machine  shops,  butcher  shops,  and  me 
Jjackers;  as  mulch  to  be  sold  to  nurseries,  landscapers,  gardeners,  and  governme 
agencies;  and  as  industrial  supply  for  making  particleboard,  fiberboard,  hardboard,  ai  i 
molded  products. 
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MARKETING  URBAN  WOOD  RESIDUES 

John  W.  Howard'  k 

A hstra €1.-11115  study  defines  the  characteristics  of  wood  residues 
that  affect  their  marketability,  discusses  the  processing  required  to  up- 
grade residues  to  useful  wood  fiber,  and  lists  potential  markets  and 
dollar  values  for  various  residues. 


In  this  presentation,  I  will  discuss  the  characteristics  of  wood  residues  that  affect 
leir  marketability,  the  types  of  processing  required,  the  potential  markets,  the  proce- 
ures  for  marketing,  and  the  monetary  value  involved. 

The  characteristics  of  wood  residues  that  affect  marketability  and  value  are: 
secies,  moisture  content,  physical  form,  and  degree  of  cleanliness.  Wood  residues 
lay  be  composed  of  hardwood  species,  softwood  species,  or  a  mixture  of  both.  Green 
'ood  contains  40  to  50  percent  moisture,  air-dried  wood  15  to  25  percent,  and  kiln- 
ried  wood  less  than  10  percent.  Wood  residues  may  exist  in  the  form  of  sawdust, 
lavings,  chips,  slabs,  boards,  blocks,  trunks,  limbs,  leaves,  or  twigs.  Wood  residues 
lay  be  clean,  or  they  may  be  contaminated  with  dirt,  metal,  concrete,  paper,  plastics, 
r  other  debris. 

The  species  and  moisture  content  are  fixed;  they  are  determined  by  the  source, 
he  physical  form  and  cleanliness  will  depend  on  the  source  but  can  be  altered  by 
recessing.  The  processing  has  to  be  justified  by  the  markets  available  and  the  dollar 
ilue  that  can  be  realized  by  upgrading  the  residues. 

Essentially  all  types  of  wood  residues  are  now  marketable  if  the  supply  is  within 
ipasonable  distance  of  the  consuming  point  and  the  residues  are  clean  and  of  the  right 
hysical  form. 

The  greatest  potential  outlets,  by  far,  are  agricultural  and  fuel  uses.  All  residues  in 
iwdust  or  shavings  are  valuable  to  farmers  for  bedding  and  ground  control  for  live- 
i-ock.  Fuel  will  be  the  greatest  outlet  in  the  near  future  since  the  price  of  oil  is  esca- 
ping rapidly.  However,  wood  residues  for  fuels  require  processing  to  be  marketable 
nd  to  realize  their  optimum  value.  Each  type  of  wood  burner  is  designed  to  handle 
ood  in  a  specific  physical  form. 

1  will  define  the  types  of  residues  by  markets  and  by  specifications  required  of 
le  residues  for  processing  or  use  as  is  (tables  1  and  2). 

Wood  residues  for  markets  requiring  exact  processing  (fillers  for  plastics,  paper, 
iir  cleaning,  and  foundries)  have  to  be  ground  and  sized  in  their  applications.  Chem- 
al  and  physical  properties  are  critical.  These  residues  are  usually  from  secondary  wood 
lanufacture  and  have  exact  specifications.  These  residues  have  the  greatest  value  but 
re  not  typical  of  urban  wood  residues  unless  the  governmental  agencies  involved 


^President,  Can-Am  Sales  Corporation,  Fibers  &  Fillers,  Inc.,  Box  158,  Skaneateles,  New 
Vk  13152. 
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Table  1.— Markets  requiring  exacting  processing  and  specifications  for  wood  residues 


End  use 

Species 

Moisture 

Physical  form 

Cleanlinesnj 

Woodflour  manufacture 

Softwood 

Under  8% 

Secondary  residues 

Very  puree 

Paper  filler 

Softwood 

Under  1 0% 

Secondary  residues 

Clean 

I  bundry  filler 

Hardwood 

Under  1 0% 

Secondary  residues 

Clean 

Fur  cleaning 

Hardwood 

Under  10% 

Secondary  residues 

Clean 

Firelogs 

Softwood 
Hardwood 

Under  15% 

Secondary  residues 

Clean 

Table  2. -Other  markets  for  wood  residues 


End  use 


Species 


Moisture 


Physical  form 


Cleanhne&'i 


Fuel 


Particleboard 
Sewage  composting 

Agriculture 
Paper 


Hardwood 

10-20% 

Sawdust 

Bark  O.KK 

Softwood 

Green 

Shavings 

Mixed 

Hog  fuel 

Debris  &i 

Wood  chips 

dirt  free  e 

Sander  dust 

Hardwood 

Dry 

Secondary 

Clean 

Softwood 

Green 

Residues 

Hardwood 

Green 

Wood  chips 

Debris  ■. 

Softwood 

Total-tree 
Chips 

I'ree 

Hardwood 

Dry  or 

Sawdust 

Clean  . 

Softwood 

Green 

Shavings 

Hardwood 

Green 

Wood  chips 

Clean  i 

Softwood 

Hog  wood 

require  industrial  wood  residues  to  be  considered  as  part  of  the  urban  residue  prograia 
I  list  these  to  show  the  breadth  of  the  residue  markets. 

A  second  category  includes  the  major  applications  of  wood  residues.  Included  ar 
general  urban  wood  residues  encountered  in  disposing  of  land  clearings,  packagii  ■ 
residues,  dunnage,  demolition  lumber,  tree  tops,  limbs,  and  stumps.  Essentially  all  >  I 
these  residues  require  processing  in  equipment.  Their  use  requires  large  volumes  ai 
specific  physical  forms  of  residue. 

I  will  define  the  procedures  for  marketing  residues: 

1 .  Characterize  residues  according  to  species,  moisture,  form,  and  cleanliness. 

2.  Determine  potential  marketing  outlets. 

3.  Locate  potential  markets  within  economically  feasible  shipping  range. 

4.  Determine  end  use  and  physical  form  required. 

5.  Evaluate  against  dollar  value  available. 

6.  Evaluate  costs  of  upgrade  and  market. 
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7.  Obtain  sales  commitments  prior  to  investments. 

8.  Locate  minimum-cost  disposal  if  marketing  is  not  feasible. 

Freiglit  costs  are  the  most  significant  factor  in  marketing  wood  Residues.  Green 
4iaterials  contain  50  percent  water  by  weight.  Shipment  beyond  150  miles  will  usually 
lot  be  feasible;  freight  costs  will  offset  the  value  of  the  residue. 

Specialists  in  marketing  wood  residues  are  available  to  evaluate  residues  and  pro- 
vide advice  about  obtaining  optimum  dollar  value.  Specialists  include:  brokers,  state 
nd  federal  forestry  specialists,  industrial  representatives  from  papermills,  particle- 
)oard  plants,  professional  forestry  associations  (such  as  FPRS). 

Estimated  dollar  values  listed  for  wood  residues  are  based  on  the  ultimate  end  use 
nd  processing  required.  Obviously,  the  more  demanding  the  specifications,  the  higher 
he  value  and  the  less  supply.  In  large-volume  uses,  supply  is  often  abundant  and  the 
ollar  value  is  lower. 

ESTIMATED  DOLLAR  VALUE  FOR  RESIDUES 

1 .  Higli  specifications  (exacting  processing  required): 

(a)  grinding  and  screening  ($50-$80/ton  delivered), 

(b)  secondary  residues  ($20-$45/ton  delivered;  dry,  clean,  specific  species) 

2.  Intermediate  specifications  (specific  physical  forms  required): 
wood  chips,  hog  wood,  species  limitations  ($18-$35/ton  delivered) 

3.  Low  specifications  (liberal  requirements  on  physical  form): 
sawdust,  mixed  materials  ($10-$I8/ton  delivered; unlimited  species). 

I  have  three  case  histories  of  marketing  urban  wood  residues  that  will  illustrate 
!  |-ocessing  and  doUar  value. 

The  first  example  is  converting  pallets,  packaging,  dunnage,  and  miscellaneous 
aste  wood  from  a  large  industrial  plant  into  hog  wood  for  fuel.  This  installation  is  at 
odak  Park,  home  of  Eastman  Kodak  in  Rochester,  New  York.  A  small  tractor  is  used 

crush  oversize  material  such  as  pallets,  and  the  material  is  then  mechanically  scooped 
)  and  through  a  hog  mounted  on  the  tractor.  This  procedure  allows  Eastman  Kodak 

convert  waste  wood,  that  is  expensive  to  dispose  of,  into  hog  wood  fuel  worth  $20 

$30  per  ton  on  a  BTU  basis  when  incinerated  in  a  burner  producing  low-pressure 

am  for  plant  consumption. 

The  second  example  is  improving  sewage  treatment  where  green  sawdust  is  used  as 
uel  and  a  filter  aid  in  treating  the  sludge.  This  is  done  in  Monroe  County,  Rochester, 
w  York,  with  sawdust  delivered  at  $15  per  ton  in  dump  trucks  and  self-unloading 
tillers. 

The  third  example  is  preparing  hog  wood  for  pressure  fiber  processing  for  paper 

I  er.  Separated  softwood  dunnage  and  packaging  residues  collected  in  northern  New 
JSey  are  hogged  to  small  size  and  delivered  to  GAP,  Gloucester,  New  Jersey,  for  con- 
V  sion  to  a  filler  for  industrial  paper.  The  value  of  the  wood  is  approxunately  S25  per 

I I  delivered. 
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SUMMARY 
Marketing  wood  residues  is  complex  because  essentially  all  end  uses  require  spec 
fications  of  some  kind  on  physical  form,  moisture,  and  cleanliness.  Use  of  marketir 
specialists  is  strongly  recommended  to  obtain  the  best  dollar  value  and  least  cost  an 
investment. 
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SEGREGATION  PROCESSES  FOR  URBAN  WASTE  WOOD 

John  A.  Sturos'  ^ 

Abstract. -Three  technologies— steaming-compression  debarking, 
vacuum-airlift  segregation,  and  photosorting-have  been  developed 
for  improving  the  quality  of  whote-tree  and  wood-residue  chips. 
Application  of  these  processes  coupled  with  integrated  utilization  of 
the  various  output  wood  fractions  should  lower  the  barriers  for 
increased  urban  waste  wood  utilization. 


A  tremendous  underutilized  wood  resource  exists  in  urban  areas  in  the  form  of 
ee  removals  and  trimmings,  industrial  waste,  demolition  wood,  and  secondary  manu- 
cturing  residue.  In  1976  the  total  urban  wood  residue  was  estimated  to  be  more  than 
)  million  air-dry  tons  (table  1)  (Carr  1978).  Demolition  lumber  alone  accounted  for 
(|4  million  air-dry  tons,  or  39  percent  of  the  total.  One  municipality  has  estimated 
lat  it  will  have  to  dispose  of  10,000  tons  of  wood  per  year  from  diseased  trees  for 
1e  next  8  years,  and  tree  trimmings  could  be  more  than  1 ,000  tons  per  year  from  an 


vban  forest  of  140  square  miles  (Ratcliffe  1976). 


Table  1. -Estimates  of  urban  wood  residue  generated  in  1976' 


Source  of  wood  residue 


Thousands  of  tons  (air-dry) 


le  removals  and  trimmings 

Ifnolition  lumber 

Plets,  containers,  dunnage 

S  ondary  manufacturing  residue 

Total 


2,820 
6,410 
4,790 
2,400 

16,410 


'Carr  (1978). 

Excluding  secondary  manufacturing  residues,  the  degree  of  urban  waste  wood 
ulization  in  1976  was  very  low  (table  2)  (Carr  1978).  Only  2  percent,  15  percent,  and 
3  percent  of  the  demolition  lumber,  urban  trees,  and  industrial  and  commercial  wood 
\^ste,  respectively,  were  used.  The  remaining  wood  was  either  used  for  landfill  or 
iiinerated. 

Cities  and  highly  populated  counties  are  currently  being  forced  to  process  their 
w^d  waste  because  disposal  by  incineration  and/or  landfill  is  no  longer  acceptable.  To 
irrease  urban  waste  wood  utilization,  new  and  improved  rougliwood  processing equip- 
nrht  and  methods  must  be  developed  to  convert  these  materials  to  marketable  prod- 
uis.  Hopefully  this  will  promote  integrated  utilization  so  that  each  of  the  various 
opponents  of  the  urban  wood  waste  can  be  used  for  its  highest  value  end  use. 


'principal  Mechanical  Engineer,  North  Central  Forest  Experiment  Station,  Forestry  Sciences 
L;oratory,  Houghton,  Michigan. 
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Table  2. -Estimates  of  urban  wood  utilization  in  1976' 
(In  thousands  of  air-dry  tons) 


I 


Secondary 

Use 

Urban 

Industrial, 

Demolition 

manufacturing 

Tola! 

trees 

commercial 

waste 

residues 

Fuel,  industrial  & 

residential 

280 

960 

850 

2,090 

Pulp,  composition 

board 

60 

240 

470 

770 

Mulch  and  bedding 

480 

480 

Salvage  tor  lumber 

110 

110 

Saw  logs 

80 

80 

Miscellaneous 

240 

150 

390 

Landfill  or  incineration 

2,400 

3,350 

6,300 

440 

12,490 

Total 

2,820 

4,790 

6,410 

2,390 

16,410 

'Carr  (1978). 

Research  on  improving  the  quahty  of  whole-tree  or  wood-residue  chips  ha: 
resuhed  in  several  promising  segregation  processes.  These  processes  should  be  con 
sidered  for  incorporation  into  an  integrated  urban  waste  wood  recovery  system.  Thi: 
paper  discusses  these  segregation  processes. 

SEGREGATION  PROCESSES 

Research  on  the  beneficiation  of  whole-tree  chips  or  containinated  residual  chip 
at  the  Forestry  Sciences  Laboratory  of  the  North  Central  Forest  Experiment  Station 
USDA  Forest  Service,  Houghton,  Michigan,  has  resulted  in  three  promising  processes- 
steaming-compression  debarking, vacuum-airlift  segregation, and  photosorting(Mattsoi 
1975;  Arola  1976;  Sturos  and  Brumm  1978).  In  addition,  combinations  of  the  abovi 
processes  are  possible. 

STEAMING-COMPRESSION  DEBARKING 

The  steaming-compression  debarking  process  has  been  put  into  practice  by  Pai 
sons  &  Whittemore,  Inc.,  who  designed  and  built  a  debarking  plant  at  one  of  thei 
pulpmills.  The  results  of  their  first  1 6  months  of  operation  are  similar  to  those  obtaine 
in  Forest  Service  research  studies  (Wawer  and  Misra  1977).  The  basic  process  consist 
of  three  steps:  (1)  presteaming  the  unbarked  chip  mass,  (2)  passing  the  chips  throug 
a  compression  debarker,  and  (3)  screening  the  compression  debarker  output  to  remov 
bark  fines  (fig.  1).  Additional  (optional)  steps  include  mechanical  attrition  of  tti 
smaller  chip  output  fractions  followed  by  screening  to  remove  additional  fines.  |  ^ 

In  cooperation  with  Urban  Wood  and  Fiber  Products,  Inc.,  steaming-compressio 
debarking  of  elm  chips  was  evaluated  (table  3).  Results  indicate  that  66  percent  of  tli 
bark  was  removed  and  85  percent  of  the  wood  recovered  with  a  final  bark  content! 
the  accept  fraction  of  3.1  percent.  By  including  only  the  +3/8-inch-size  chips  in  th  L 
accepts,  the  bark  content  decreases  to  1.6  percent  but  yet  more  than  60  percent  of  tb  r- 
wood  fiber  is  recovered. 
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SR-SMOOTH    STEEL    ROLL 
KR-KNURLED   STEEL    ROLL 


-H  h- NIP    SETTING 


SCRAPER 


COLLECTION    CONTAINERS 

Figure  1.— Compression  debarker. 


Table  3. -Results  of  steaming-compression  debarking  of  elm  chips' 


Product 

Input 

Bark 

Total 

Total 

material 

content 

wood 

bark 

Percetu 

.c  pts 

+3/8 

'  fraction 

57.7 

1.6 

61.4 

12.3 

-3/8 

+  3/16"  fraction 
Dined  accepts 

23.6 

6.9 

23.7 

21.6 

Com 

81.3 

3.1 

85.1 

33.9 

■■e;ts 

18.7 

26.4 

14.9 

66.1 

Injt 

100.0 

7.5 

100.0 

100.0 

'  Chips  supplied  by  Urban  Wood  and  Fiber  Products,  Inc. 
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VACUUM-AIRLIFT  SEGREGATION 

The  vacuum-airlift  segregator  has  received  laboratory  scale  testing  both  by  tl 
USDA  Forest  Service  and  by  industry.  It  consists  of  a  wire  mesh  conveyor  belt  wit 
vacuum  hoods  placed  above  the  belt  at  various  stations  (fig.  2).  Miole-tree  chips  a 
spread  over  a  continuously  moving  conveyor  belt  that  passes  through  fields  of  a  i 
currents  that  subject  the  chips  to  vacuum  forces  from  above  the  belt.  The  material 
then  segregated  on  the  basis  of  differences  in  terminal  settling  velocities  caused  I; 
density  and  geometric  differences.  Typically,  in  a  multiple-stage  system,  foliage,  cle;/; 
wood  chips,  and  "middlings"  are  removed  at  different  locations  along  the  belt.  Barn 
knots,  and  twigs  remain  on  the  belt  to  discharge  to  a  "reject"  product  area,  and  fine; 
bark,  some  foliage,  dirt,  and  grit-fall  through  the  mesh  belting. 


/  SUCTION 
^    BLOWERS 


Figure  2. -Multiple-stage  vacuum-airlift  segregator.  Fines  fall  through  the  wire  mesh  conveyor 


The  "middlings"  fraction  contains  from  30  to  50  percent  of  the  total  in]  i 
material,  depending  on  species,  and  has  a  bark  content  equal  to  or  higher  than  the  i; 
received  whole-tree  chips.  This  fraction  can  be  used  for  pulp,  particleboard,  fuel,ij 
chemicals.  If  the  middhngs  are  to  be  used  for  pulp,  further  beneficiation  by  ' 
compression  debarking  process  is  recommended. 

For  maximum  recovery  of  "clean"  fiber,  a  combined  system  is  recommem 
(fig.  3)  (Sturos  1978;  Sturos  and  Marvin  1978).  It  consists  of  vacuum-airlift  segrr; 
tion  followed  by  steam-compression  debarking  of  the  middlings  fraction  (table  i 
fig.  4).  By  means  of  the  vacuum-airlift  stage,  4  percent  of  the  input  is  removed  as  C( ' 
mercial  foliage,  4  percent  falls  through  the  wire  mesh  conveyor  as  fines,  42  percer 
recovered  as  clean  wood  chips  acceptable  for  pulping,  36  percent  is  recovered  asm 
dlings,  and  14  percent  is  left  on  the  conveyor  as  bark  (fuel).  Passing  the  middlji 
through  the  compression  debarker  results  in  an  additional  29  percent  clean  w-^\ 


(j 
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hips  and  7  percent  bark.  The  combined  product  recovery  resuUs  are  71  percent 
iber,  25  percent  fuel,  and  4  percent  foliage. 


I;ure  3. -Combined  vacuum-airlift  and  compression  debarking  system  for  beneficiating  whole-tree 

chips. 

able  4. -Typical  foliage  and  bark  removal  results  obtained  by  combining  the  vacuum-airUft  and 
compression  debarking  processes' 


Process  and  components 

Aspen 

Sugar 
maple 

White 
birch 

.  .   Percent .  .  . 

V  uum-airlift  segregation: 

Input  bark  content 

20.2 

13.2 

16.4 

Bark  content 

4.8 

5.7 

7.6 

Wood  recovery 

52 

37 

40 

Bark  removal 

51 

41 

45 

Foliage  removal 

84 

85 

94 

V; uum-airlift  &  compression 

debarking: 

'  Input  bark  content 

20.2 

13.2 

16.4 

'  Bark  content  of  accepts 

5.3 

5.3 

5.9 

Wood  recovery 

88 

87 

87 

Bark  removal 

80 

69 

73 

I  ohage  removal 

86 

86 

94 

'  All  calculations  are  based  on  dry  weight. 
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Figure  4. -End  products  and  intennediate  steps  in  segregating  aspen  whole-tree  chips. 

PHOTOSORTING 

Wood  and  bark  chips  differ  sufficiently  in  their  optical  transmittance  to  be  sort£ 
When  photosorting,  the  chips  are  fed  by  a  conveyor  over  a  linear  array  of  op 
detectors  (fig.  5).  Liglit  from  an  incandescent  source  is  incident  on  the  chips  1 
above.  The  light  intensity  is  adjusted  such  that  most  wood  chips  transmit  suffic 
light  to  be  sensed  by  the  detector  array.  When  a  bark  chip  passes  over  the  detec 
the  transmitted  light  falls  below  a  preset  detection  threshold  and  the  detector  ph 
current  decreases.  The  resulting  signal  is  amplified  to  energize  an  air  valve,  w 
deflects  the  bark  chips  with  a  blast  of  air  (fig.  6).  Preliminary  results  for  5/8-inch  a: 
chips  are  promising  (table  5).  Depending  on  light  level,  bark  content  of  1.4  and 
percent  with  corresponding  wood  recoveries  of  70  and  96  percent  are  possible. 

ECONOMICS 

The  Forestry  Sciences  Laboratory  has  conducted  several  cost  analyses  of 
steaming-compression  debarking  system,  the  vacuum-airlift  system,  and  combinat 
of  these  two  systems.  They  have  revealed  that  the  combined  system  is  the  most 
efficient.  One  of  the  primary  advantages  of  coupling  the  vacuum-airlift  segregator 
the  compression  debarker  is  to  reduce  capital  equipment  cost  and  consequently,! 
ficiation  cost.  This  decreases  the  amount  of  material  the  compression  debarker  h; 
process,  which  in  turn  reduces  steam  requirements,  the  size  of  the  press,  and  there 
cost.  The  beneficiation  costs  (1978  basis)  range  from  about  S6.70  per  output  dry 
of  "clean"  chips  for  a  steaming-compression  debarking  system  to  S4.70  for  a  ( 
bined  system  in  which  only  34  percent  of  the  material  is  compression  debarked.  1 
capital  investment  for  a  60  ton  per  hour  debarking  plant  ranges  from  about  $3  mi 


f:l 
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or  a  steaming-compression  debarking  plant  to  $1.7  million  for  a  combined  vacuum- 
irlift  and  steaming-compression  system. 


LIGHT 


CHIP 
PHOTOCELL    ARRAY 


(CI> 


AIR   NOZZLE 


AIR   VALVE 


THRESHOLD 
DETECTOR 


AMPLIFIER 


AIR   SUPPLY 


Figure  5.-Photosorting  system  diagram. 

BARK  REMOVAL 
PHOTO-SORTER 


LAMP 


Figure  6. -Mechanical  configuration  of  the  photosorting  system. 
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Table  5. -Effect  of  light  level  on  photosorting  5/8-inch  aspen  wood  and  bark  chips 

(In  percent) 


LIGHT  LEVEL  -  2.5  mW/cm 

Product 

Bark 
content 

Portion  of 
total  chips 

Portion  of 
total  wood 

Portion 
total  ba 

Input 

Accepts 
Rejects 

10.6                      100 

1.4                       63 

/       26.2                       37 

100 

•    70 

30 

100 

8 
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LIGHT  LEVEL  -  3.5  mW/cm 

Input 

Accepts 
Rejects 

9.3                      100 

2.3                      79 

36.7                      21 

100 
86 
14 

100 
19 
81 

LIGHT  LEVEL- 4.5  mW/cm 

Input 

Accepts 
Rejects 

8.9                     100 

3.3                        88 
48.5                        12 

100 
93 

7 

100 
32 
68 

LIGHT  LEVEL  -  5.5  mW/cm 

Input 

Accepts 
Rejects 

9.7                     100 

5.1                       91 

56.4                          9 

100 

96 

4 

100 
48 

52 

A  typical  urban  wood  waste  recovery  plant  includes  a  number  of  processing 
such  as  crushing,  washing,  hogging,  screening,  and  magnetic  separation  (fig.  7). 
and  where  would  a  vacuum-airlift  segregator  be  incorporated  into  such  a  rec( 
plant?  A  three-stage  segregator  is  one  possibility  (fig.  8).  It  would  be  one  of  thi 
stages  in  the  total  material  flow  through  the  plant  (fig.  9)  resulting  in  at  least 
fractions  of  wood  chips— high-quality  chips  and  fuelwood  chips.  Cost  to  ins  i 
20-ton-per-hour  vacuum -airlift  segregation  system  (fig.  8)  into  an  already  existing    i 
has  been  estimated  to  be  $175,000.  The  processing  costs  would  be  less  than  $^  ! 
input  ton.  Total  connected  horsepower  is  205. 

SUMMARY 

Three  new  systems  have  been  developed  for  upgrading  the  quality  of  wholi 
and  wood  residue  chips— steaming-compression  debarking,  vacuum-airlift  segregi 
and  photosorting.  A  combined  system  using  steaming-compression  debarking 
vacuum-airhft  segregation  has  proved  to  be  the  most  economical  for  maximum 
fiber  recovery  and  the  vacuum -airlift  segregation  system  can  easily  be  incorpo  i 
into  present  waste  wood  recovery,  systems.  Installation  of  a  20-ton-per-hour  sji 
is  estimated  to  cost  $175,000.  With  the  large  number  of  energy  products,  cherr 
and  fiber  products  that  are  potentially  available  from  waste  wood,  we  are  at  the 
step  of  converting  it  from  a  disposal  problem  to  a  valuable  resource. 
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Figure  7. -Typical  urban  waste  wood  recycling  plant. 
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Figure  8. -A  three-stage  vacuum -airlift  segregator  for  urban  waste  wood  recovery. 


93 


CHIPS 

FINES 

WOOD 
YARD 

- 

HOG 

WASH 
PIT 

•l 

SCREEN 

PAPER  a  PLASTI 
REJECTS 

4 

OVERSIZE 

' 

- 

1 

PRE 
CRUSH 

■   ' 

♦ 

VAS 

HIGH    QUALITY 
CHIPS 

SEDIMENT 

' 

1 

1 

\ 

MAGNETIC 
SEPARATOR 

♦ 

^ 

MAGNETIC 
SEPARATOR 

FUELWOOD 

' 

1 

LANDFILL 

\ 

' 

i 

'  1 

METAL 

METAL 

HEAVY 

NONMETALLIC 

REJECTS 

Figure  9. -Proposed  urban  waste  wood  recycling  plant  including  vacuum-airlift  segregation  ( VA 
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IMPORTANCE  OF  WOOD  AS  AN  URBAN  ENERGY  SOURCE 

James  W.  McMinn'  « 

Abstract. -The  paper  reviews  (1)  theoretical  limits  to  wood  supplies, 
(2)  characteristics  of  wood  as  a  fuel  source,  (3)  difficulties  in  pre- 
dicting energy  consumption  and  fuel  prices,  and  (4)  the  outlook  for 
wood-energy  development.  Woody  biomass  is  likely  to  provide  less 
than  10  percent  of  urban  energy,  and  its  use  will  be  in  small-scale, 
decentralized  systems.  Small  towns  will  derive  the  greatest  benefits 
from  primary  biomass,  whereas  use  of  urban  waste  wood  wUl  prob- 
ably be  unrelated  to  city  size. 


Energy  consumption  in  the  United  States  has  increased  almost  twentyfold  in  the 

:  century.  During  the  same  period,  the  amount  of  energy  the  Nation  derives  from 

od  has  decreased  to  a  httle  more  than  a  third  of  its  former  contribution.  At  one 

e,  75  percent  of  our  energy  was  suppHed  by  wood,  whereas  it  presently  supplies 

v|l  below  5  percent  (Curtis  1978).  A  large  proportion  of  the  national  energy  supply 

vi  probably  never  again  be  derived  from  wood,  but  use  of  wood  for  energy  could  be 

^stantial  in  certain  areas.  This  presentation  covers  (1)  theoretical  limits  to  wood 

;uplies,  (2)  some  advantages  and  disadvantages  of  wood  as  an  energy  source,  (3)  some 

icipiexities  inherent  in  projecting  fuel  use  and  prices,  and  (4)  future  possibilities  for 

v)d -energy  development. 

WOODY  BIOMASS  SUPPLY 
1  In  determining  quantities  available  for  conversion  into  energy,  annual  growth 
a}er  than  the  total  wood  volume  in  the  forest  must  be  considered.  Professional 
Ofsters  routinely  base  estimates  of  possible  use  on  growth,  but  individuals  not 
n)lved  in  renewable-resource  management  often  fail  to  recognize  the  distinction 
JCiveen  mining  an  inventory  and  harvesting  growth.  Estimates  of  total  growth  over  a 
ai?  geographic  area  are  not  sufficiently  precise  for  an  individual  or  firm  that  is  seri- 
my  considering  wood  as  an  alternate  fuel.  However,  such  estimates  are  valuable  to 
)li|ners  and  policymakers  for  placing  upper  limits  on  wood  harvests  for  all  purposes. 
ioie  of  the  more  reliable  estimates  follow. 

Worldwide,  plants  store  about  six  times  as  much  energy  in  biomass  as  humans  use 
;atl  year  (Dubos  1976).  More  than  half  of  this  biomass  is  produced  in  forests  that 
ecive  no  more  than  custodial  management.  Less  than  one-tenth  of  the  annual  bio- 
lUi  accumulation  occurs  on  cultivated  areas,  so  their  current  energy  potential  is  quite 
o\when  energy  inputs  are  accounted  for. 

In  contrast  to  the  world  situation,  annual  biomass  increment  in  the  continental 
Uried  States  is  equivalent  to  only  about  half  the  energy  consumed  (Burwell  1978). 
Fuhermore,  this  biomass  includes  food,  fiber,  and  feed  grains  as  well  as  forest  and 
.;rc    residues  and  surplus  increment.  Woody  biomass  growth  on  our  commercial 


(Project  Leader,  Wood  Energy  Relationships,  U.S.  Department  of  Agriculture  Forest  Service, 
■ou  eastern  Forest  Experiment  Station,  Athens,  Georgia. 
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forestland  is  equivalent  to  somewhere  between  10  and  15  percent  of  our  annual  energy 
consumption.  The  United  States  ratio  of  biomass  accumulation  to  energy  use  repre- 
sents a  prodigious  rate  of  consumption,  rather  than  a  low  level  of  productivity. 

I 

The  foregoing  figures  do  not  mean  that  wood  fuels  arc  impractical  or  insignificant 
They  do  mean  that  on  a  national  or  regional  scale  there  are  definite  Hniits  to  tiic  rok 
wood  can  play  in  supplying  energy  for  urban  areas. 

In  many  places,  wood  can  be  a  very  practical  source  of  energy.  One  plant  in  France i 
has  generated  electricity  from  wood-fired  boilers  for  over  50  years  (Jagles  1978).  In' 
Maine,  Vermont,  and  New  Hampshire,  18  percent  of  all  households  use  wood  as  their 
primary  heating  source,  and  citizens  of  Burlington,  Vermont,  have  approved  a  S40-  | 
million  bond  issue  for  a  50-megawatt  wood-fired  power  plant  (Anon.  1979).  Burlington  j 
currently  has  a  30-megawatt  plant  supplied  by  three  10-megawatt  boilers;  one  of  those  i 
boilers  has  operated  successfully  for  several  months  on  wood.  A  recent  study  indicates 
that  a  25-megawatt  wood-fired  plant  would  probably  be  feasible  in  north-central  Miii 
nesota  (Rose  and  Olson  1979).  The  wood-products  industry  currently  derives  ovei 
30  percent  of  its  energy  from  waste  wood. 

The  pertinent  question,  then,  is  not  whether  wood  energy  is  feasible,  but  when 
and  on  what  scale.  Approximately  half  of  the  biomass  growth  on  our  commercial 
forestland  occurs  in  the  southeastern  quarter  of  the  country  (Burwell  1978),  so  it  is 
probable   that  substantial  development  opportunities  exist  here.  The  Southeastern 
Forest  Experiment  Station's  wood-energy  research  unit  at  Athens,  Georgia,  is  devel 
oping  procedures  to  identify  communities  with  high  development  potential  and  tu 
determine  the  degree  to  which  development  in  one  community  will  constrain  develop-  i 
ment  in  others.  We  are  focusing  on  physical  supply  and  will  be  dealing  with  several  t 
supply  variables,  beginning  with  sawmill  residues  presently  generated  and  workini: 
ultimately  with  the  long-term  productive  capacity  of  the  land.  We  do  not  include  , 
urban  wood  waste,  primarOy  because  rehable  inventory  data  are  not  available.  Urban  j 
areas  may  produce  waste  wood  at  a  rate  equivalent  to  23  percent  of  the  growth  on 
commercial  forestland  (Burwell  1978).  If  so,  this  source  of  energy  would  be  significam 
in  many  communities. 

WOOD  AS  A  FUEL  SOURCE 

Since  1974  wood-energy  development  has  been  surprisingly  slow  in  light  of  thej 
interest  and  available  technology.  Some  of  the  disadvantages  of  wood  as  a  fuel  source! 
explain  the  limited  development. 

Woody  biomass  is  quite  variable,  and  its  energy  is  less  concentrated  than  that  in 
other  common  fuels  (Jagles  1978).  It  is  therefore  difficult  to  handle  and  costly  to 
transport,  and  it  requires  a  relatively  large  amount  of  storage  space  for  a  given  burnei 
output.  The  most  difficult  problem,  however,  is  water  content.  The  energy  equivalent 
of  green  wood  is  less  than  half  the  8,500  BTU  per  pound  of  dry  wood. 

Biomass  is  one  of  several  potential  energy  sources  derived  from  the  sun.  Solar* 
energy  in  any  form  has  broad  appeal  because,  in  theory,  it  is  freely  available  and  the* 
worst  forms  of  pollution  are  not  associated  with  its  use.  However,  practical  application 
of  solar  energy  requires  capture  and  storage.  Plants  perform  both  functions.  They  cap- 
ture less  than  5  percent  of  total  insolation,  but  they  do  so  at  low  cost.  Woody  plants 


96 


|l 


i  particularly  attractive  as  energy  sources  because,  unlike  annual  plants,  they  can 
cumulate  energy  for  many  years  before  harvest.  Large  quantities  of  fuel,  therefore, 
1  be  harvested  per  unit  area.  Burwell  (1978)  has  shown  that  ratios  of  energy  output/ 
)ut  can  be  relatively  high  (35-40/1)  for  unmanaged  forestland  because  the  only 
)ut  required  is  for  harvesting. 

Some  investigators  have  concluded  that  the  net  effect  of  the  above  advantages  and 
advantages  will  lead  to  small-scale,  decentralized  conversion  of  woody  biomass  to 
;rgy  (Dubos  1976;  Burwell  1978).  This  conclusion  seems  to  imply  that  opportuni- 

for  wood-energy  development  will  be  more  numerous  for  small  towns  than  for 
^e  urban  areas.  However,  urban  waste  wood  differs  from  other  woody  biomass  in 
3  important  respects:  (1)  some  of  it  is  at  least  partially  dry,  and  (2)  it  is  already 
itrahzed  to  a  degree.  Some  of  the  costs  associated  with  wood-fuel  transportation 
I  processing  are,  therefore,  borne  by  other  products. 

ENERGY  COST  COMPARISONS 

There  are  many  uncertainties  associated  with  predicting  the  relative  costs  of  wood 
I  alternate  energy  sources.  In  the  absence  of  operational  experience,  costs  of  har- 
:ing,  concentrating,  and/or  separating  types  of  material  can  be  only  roughly  esti- 
;ed.  Furthermore,  changes  in  energy  supplies  and  costs  can  be  predicted  only  with 
it  uncertainty. 

On  the  basis  of  Carter's  (1974)  discussion,  the  uncertainties  may  be  grouped  under 
following  categories: 

Waste  trimming—Decades  of  inexpensive  energy  have  led  to  waste  that  conser- 
'"on  efforts  can  reduce  at  little  or  no  cost.  More  leeway  probably  exists  in  space 
leting  and  lighting  than  in  industrial  processes. 

.\'cw  technology  —Notable  examples  of  energy-saving  technology  are  new  proc- 
;s;js  for  manufacturing  steel  and  aluminum,  but  advances  are  taking  place  in  many 
le'is  and  at  all  scales  of  use. 

Implementation  of  existing  technology  —No  new  technology  is  needed  for  car- 
)Oling,  widespread  use  of  mass  transit,  or  for  efficient  recycling  of  many  energy- 
:x;nsive  materials.  As  energy  costs  rise,  greater  economic  incentives  should  force 
miementation  of  known  technologies. 

Labor-energy  substitution.— From  World  War  II  untO  the  1973-74  oil  embargo, 
jniigy  costs  decreased  and  labor  costs  increased.  The  benefit  of  energy  substitution 
leime  axiomatic.  With  energy  costs  increasing  faster  than  labor  costs,  that  axiom  no 
orer  holds.  We  can  now  expect  a  gradual  substitution  of  labor  for  energy. 

Schipper  and  Lichtenberg  (1976)  have  demonstrated  how  some  of  the  above 
a:)rs  influence  Sweden's  rate  of  energy  consumption  compared  to  that  in  the 
.  ncd  States.  They  found  the  main  contributing  factors  to  be  ".  .  .  smaller  automo- 
■)ilii,  more  use  of  mass  transit, more  insulation  and  tighter  construction, more  efficient 
nd'strial  processes,  and  the  use  of  cogeneration  and  district  heating."  Of  these  factors, 
>n!  district  heating  varies  substantially  from  near-term  United  States  capabilities;  in 
:n,  waste  heat  from  power  stations  is  distributed  throughout  rather  large  districts 
.  pace  heating.  A  high  standard  of  living  is  commonly  thought  to  depend  on  high 
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energy  consumption.  Swedish  energy  consumption  per  unit  of  Gross  National  Prodi  .1 
is  only  68  percent  of  that  in  the  United  States,  and  the  two  countries  have  genera 
comparable  standards  of  living.  A  policy-study  group  here  in  the  United  States  1 1| 
concluded  that  it  will  be  "...  technically  feasible  in  2010  to  use  roughly  a  to;, 
amount  of  energy  as  low  as  that  used  today  and  still  provide  a  higher  level  of  ame 
ties,  even  with  total  population  increasing  35  percent"  (Demand  and  Conservati 
Pane!  of  CONAES  1978). 

FUTURE  OUTLOOK 
Most  authors  dealing  with  energy  agree  that  use  of  oil  and  natural  gas  will  decli 
and  that  in  the  short  term  no  single  large  energy  source  wUl  replace  them.  The  varie ' 
and  character  of  alternate  energy  sources  will  probably  force  a  trend  toward  mc 
individually  tailored  systems,  rather  than  uniform,  energy -wasteful  systems  (Jag 
1978).  This  environment  will  be  conducive  to  wood-energy  development.  It  could  al 
lead  to  depletion  of  wood  supplies  and  increased  fuel  transportation  costs  for  lq( 
areas. 

For  the  longer  term,  Hayes  (1979)  builds  a  logical  case  for  the  likely  developm" 
of  coal  as  the  single  large  energy  source  in  the  United  States.  He  points  out  that  pub 
opposition,  increasing  capital  costs,  and  decreasing  growth  in  electrical  energy  use  £  i 
recognized  as  obstacles  to  nuclear  development,  but  the  availability  of  uranium  iis^ 
more  significant  restriction  than  is  generally  reahzed.  If  coal  use  increases  rapidly,  t  (I 
combustion  of  wood  with  coal  is  potentially  significant  for  maintaining  sulfur  em 
sions  at  acceptable  levels  (Inman  1977). 

Energy  plantations  can  have  a  favorable  energy  output/input  ratio  and  could  full 
some  of  our  long-term  energy  needs  (Inman  1977).  However,  they  have  definitclir 
tations  and  are  no  panacea  for  energy  problems.  One  of  the  greatest  fallacies  associat 
with  energy  plantations  is  the  emphasis  on  so-called  fast-growing  species.  Plant  grow 
is  a  result  of  genetic  capacity  and  environmental  conditions.  The  only  differen 
between  fast-growing  species  and  slow-growing  species  is  that  the  former  have  t 
capacity  to  respond  to  a  rich  environment  and  the  latter  do  not.  Therefore,  fast -growi 
species  do  not  grow  fast  on  marginal  land.  Phenomenal  production  is  possible  throu 
fertilization  and  irrigation  of  marginal  lands,  but  these  operations  are  energy -expensh 
Current  research  efforts  are  comparing  outputs  with  inputs  for  such  situations.  Citi 
close  to  marginal  lands  have  a  unique  opportunity  to  coordinate  waste  manageme 
and  energy  production  by  using  ash  and  sewage  as  soil  amendments  to  increase  prodi 
tion  on  biomass  plantations. 

CONCLUSIONS 

Wood  can  be  expected  to  supply  less  than  10  percent  of  the  energy  for  urbM 
areas,  but  its  contribution  could  be  substantially  greater  in  selected  communities. 

Generalizations  about  the  relative  costs  of  wood  and  other  fuels  are  extreme 
difficult  to  make. 

Most  systems  for  conversion  of  wood  to  energy  will  probably  be  small,  decentr; 
ized,  and  tailored  to  local  conditions. 
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Because  of  high  transportation  costs,  small  towns  are  most  likely  to  use  forest- 
i)wn  wood  for  energy. 

Since  urban  waste  wood  must  be  concentrated  for  disposal  even  if  k  is  not  used, 
nsportation  need  not  be  considered  in  estimating  cost  of  converting  this  wood  to 

rgy- 

Biomass  plantations  will  probably  play  a  limited  role  in  energy  supply,  but  some 
•an  areas  have  unique  opportunities  to  develop  innovative  energy  plantation  systems. 
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RECOVERY  OF  ENERGY  FROM  SOLID  WASTE- 
AN  ALTERNATIVE  TO  LANDFILL  DISPOSAL 

Gloria  A.  Mills^ 

Abstract.— Theie  are  many  solid  waste  recovery  techniques  from 
which  communities  may  choose.  The  technology  described  here  is 
known  generally  as  mass  combustion  in  waterwall  boilers.  A  facility 
using  this  technology  takes  all  kinds  of  residential,  commercial,  and 
nonproblem  industrial  solid  wastes  and  processes  them  into  usable 
energy  and  marketable  materials.  This  combustion  process  performs 
extremely  well,  with  better  than  96  percent  burnout  of  combustible 
matter  and  a  volume  reduction  of  95  percent. 


Pinellas  County,  Florida,  located  on  the  west  coast  between  the  Gulf  of  Mey'i 
and  Tampa  Bay,  is  primarily  an  urban  area,  having  as  its  two  largest  municipalities s: 
cities  of  St.  Petersburg  and  Clearwater;  in  fact,  it  is  the  most  densely  populated  couu 
in  the  State.  Pinellas  County  faces  a  problem  encountered  by  many  other  urban  arm 
-how  to  dispose  of  its  solid  waste  in  an  environmentally  acceptable  manner  at  a  tl 
when  disposal  costs  are  rising  and  landfill  space  is  diminishing. 

The  county  took  a  number  of  steps  to  reduce  its  waste  collection  costs  ancii 
improve  productivity.  It  switched  to  hydraulically  operated  packer  trucks  and  ci 
man  collection  vehicles.  A  variety  of  factors,  including  the  limited  future  life  0)1 
largest  landfill,  led  to  a  search  for  an  alternative  to  that  method  of  disposal. 

An  act  of  the  Florida  legislature  gave  the  Board  of  County  Commissioners! 
responsibility  for  the  disposal  of  all  solid  waste  throughout  Pinellas  County." 
same  legislative  act  established  the  Solid  Waste  Technical  Management  Commill 
(TMC).  Members  are  technically  qualified  representatives  from  designated  municifj 
ties.  The  TMC  has  been  instrumental  in  providing  guidance  to  the  Board  of  CoiW 
Commissioners  in  the  development  of  a  solid  waste  program  for  the  county. 

The  program  began  with  the  selection  of  Henningson,  Durham,  and  Richard '' 
(HDR)  as  the  county's  engineering  consultant  and  William  R.  Hough  &  Co.  as 
county's  financial  consultant.  Both  firms  are  nationally  recognized  experts  in  de 
oping  programs  for  solid  waste  disposal. 

HDR  conducted  a  feasibility  study  to  determine  how  much  and  what  kind 
wastes  existed  in  the  county,  what  technological  alternatives  existed  for  the  disp  ' 
of  those  wastes,  what  markets  existed  for  the  energy  and  materials  recoverable  fi ' 
the  waste  stream,  and  what  sites  were  available  for  the  location  of  a  resource  reco\ 
facility.  The  results  of  the  study  indicated  that  resource  recovery  was  feasible,  ar  1 
plan  for  the  implementation  of  a  resource  recovery  system  was  developed. 

The  plan  had  three  major  objectives.  The  county  wanted  a  system  that 
(1)  technically  sound,  (2)  environmentally  acceptable,  and  (3)  economically  aco 


^Marketing  Engineer,  Solid  Waste  Systems,  UOP,  Inc.,  Des  Plaines,  Illinois  60016. 
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le.  Private  firms  were  invited  to  indicate  their  interest  in  contracting  for  the  disposal 
12,000  tons  per  week  of  the  county's  waste.  Following  an  initial  prequalification 
ocess,  seven  of  the  largest  and  most  experienced  companies  in  the  soHd  waste  busi- 
:ss  were  invited  to  submit  proposals  for  a  total  resource  recovery  system.  The  six 
oposals  actually  received  were  subjected  to  a  detailed  evaluation  that  included  the 
le  of  computers  to  process  cost  data  and  provide  sensitivity  analyses.  An  extensive 
(scription  of  this  Request  for  Proposal  (RFP)  process  can  be  found  in  an  article  by 
|r.  D.  F.  Acenbrack,  Director  of  Solid  Waste  Management  for  Pinellas  County.^  The 
iiuh  of  the  evaluation  was  the  selection  by  the  County  Commission  of  the  proposal 
i.eivcd  from  UOP,  Inc. 

UOP,  formerly  Universal  Oil  Products  Company,  is  an  international  high-technol- 
(v  firm  with  more  than  60  years  of  experience  in  commercializing  new  technology, 
\tli  emphasis  on  energy  and  the  environment.  In  addition  to  resource  recovery,  UOP 
i. involved  in  petroleum  refining,  chemicals  and  petrochemicals  production,  water 
\  rification,  air  pollution  control,  minerals  processing,  process  engineering,  and  con- 
sluction  and  manufacture  of  high-technology  products. 

'  The  technology  to  be  utilized  in  the  Pinellas  County  resource  recovery  facility, 
\iich  will  be  designed,  constructed,  and  operated  by  UOP,  is  in  the  category  known 
^leially  as  mass  combustion  in  waterwall  boilers.  UOP  has  a  long-term  agreement 
\ih  the  Josef  Martin  Company  of  Munich,  West  Germany,  to  market  their  extensive 
^  iibustion  technology  in  the  U.S.  and  elsewhere. 

The  facUity  proposed  for  Pinellas  County,  and  shown  in  the  artist's  rendering 
(^.  1),  will  contain  two  combustion  trains  and  will  accept  all  kinds  of  residential, 
CiTimercial,  and  nonproblem  industrial  wastes  and  process  them  into  usable  energy 
aJ  marketable  materials.  As  there  are  presently  no  suitable  energy  customers  in  the 
immediate  vicinity  of  the  facUity  site,  the  sole  energy  product  will  be  electricity,  which 
vil  be  purchased  by  a  public  utility,  the  Orlando  Utilities  Commission. 

Figure  2,  a  simplified  schematic  drawing,  shows  how  the  facility  works.  Collection 
viicles,  after  being  weighed  at  the  entrance,  drive  into  the  processing  building  where 
ttfy  unload  directly  into  a  large  receiving  pit.  Once  unloaded,  the  trucks  exit  from  the 
p)cessing  building  and  are  quickly  on  their  way. 

i  Except  for  bulky  wastes,  the  unsorted  refuse  is  picked  up  by  overhead  cranes  and 
tinsferred  to  the  furnace-feed  hoppers.  Bulky  refuse,  including  tree  trunks  and  furni- 
t^b,  is  first  reduced  in  size,  then  processed  with  normal  waste  materials.  The  size 
ii  action  is  accomplished  with  a  shear-type  device  to  get  these  larger  items  down  to 
ai)ut  a  1-foot  dimension. 

Part  of  the  air  needed  for  the  combustion  process  is  drawn  from  the  area  above 
tl  refuse  receiving  pit,  which  accomplishes  two  things.  First,  it  creates  a  slight  nega- 
ti;  pressure,  which  prevents  dust  and  odor  from  escaping  to  the  outside;  second,  it 
diws  airborne  bacteria  and  dust  irom  the  pit  area  into  the  furnace  where  any  bacteria 
aij  destroyed.  Personnel  working  in  the  pit  area  are  thus  supplied  continually  with 
fish,  clean  air. 

2 

Acenbrack,  D.  F.  1978.  Tools  and  team  expedite  resource  recovery  project.  Public  Works 
Mi  (Oct.) 
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Figure  1. -Pinellas  County  resource  recovery  facility. 


Figure  2.— UOP  resource  recovery  system. 
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Once  loaded  into  the  feed  hopper,  the  refuse  passes  down  through  a  water- 
acketed  feed  chute  from  which  it  is  metered  onto  the  stoker  grate  bymeansofhydrau- 
ically  operated  feeder  rams.  The  Martin  reverse-reciprocating  stoker  is  one  of  the  fea- 
ures  that  make  this  resource  recovery  system  unique  (fig.  3). 


Figure  3. -Martin  reverse  reciprocating  stoker. 

As  can  be  seen  in  the  schematic  drawing,  the  Martin  reverse-reciprocating  stoker  is 
1  like  conventional  stoker  designs.  It  is  inclined  downward  toward  the  discharge  end 

d  is  divided  alternately  into  fixed  and  moving  rows  of  grate  bars.  The  moving  grates 
]  sh  upward  against  the  natural  downward  gravitational  movement  of  the  refuse.  This 
nvement  agitates  the  burning  refuse  to  form  an  even  depth  over  the  fuel  bed.  Burning 

use  is  pushed  back  underneath  the  incoming  raw  refuse  to  achieve  continuous  dry- 
i;,  volatilization,  ignition,  and  burning.  The  result  of  this  unique  agitation  is  a  uni- 
im  burnout  of  better  than  96  percent  of  the  combustible  matter. 

A  series  of  plenum  chambers  underneath  the  stoker  grate  admits  combustion  air 
i  volumes  controlled  to  suit  the  combustion  conditions  of  each  burning  zone.  With 
ti  use  of  preheated  combustion  air,  thorough  burnout  is  achieved  even  when  process- 
i{  wastes  high  in  moisture  content.  No  manual  cleaning  of  the  undergrate  plenums  is 
r|uired  because  an  automatic  siftings-removal  system  periodically  sweeps  the  plenums. 
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A  series  of  overfire  air  nozzles,  located  in  the  front  and  back  of  the  furnace-thi 
area,  provides  maximum  flame  turbulence  and  prevents  the  stratification  of  gasses. 
The  speed  of  the  residue  roller  is  independently  controllable  to  regulate  the  de 
of  the  fuel  and  ash  layer  on  the  grate.  The  ability  to  control  the  feed  rate  of  rel 
into  the  furnace,  to  control  the  agitation  and  depth  of  the  refuse  bed  on  the  sto 
and  to  control  the  volume  and  distribution  of  the  combustion  air  is  a  key  to 
unmatched  performance  of  this  combustion  system. 

The  grate  bars  themselves  are  also  unique.  A  close-up  view  of  the  grate  bars  sh 
the  2-mm  airgaps  at  the  heads  of  the  bars  (fig.  4).  These  airgaps  represent  only  2 
cent  of  the  total-grate  surface  area.  Higli-pressure  combustion  air  passing  through  tl 
gaps  causes  intense  burning,  even  of  dense  materials  like  carpeting,  and  minim , 
sifting  of  ash  thrcugli  the  airgaps.  The  precision-ground  grate  bars  are  cast  of  dur;  I 
chrome-alloy  steel  for  long  operational  life. 


Figure  4. -Martin  grate  bars. 

A  furnace  interior  shows  the  modular  approach  to  unit  design.  The  stoker  con 
of  multiple  longitudinal  grate  sections  across  the  width  of  the  furnace.  Larger  i 
contain  several  grate  sections,  while  smaller  units  contain  fewer.  The  boiler  furna 
constructed  of  gas-tight,  continuously  welded  waterwalls  down  to  the  grate  surl  i 
These  waterwalls  are  coated  with  refractory  material  above  the  grate  surface  to  a  h( 
of  about  20  feet.  The  refractory  has  good  heat-transfer  characteristics  and  pre\ 
corrosion  in  the  lower  section  of  the  furnace  where  high  temperatures  are  enc 
tered.  The  large  volume  of  the  furnace  above  the  throat  area  is  designed  for  low 
velocities  to  avoid  high  fly-ash  carryover  to  the  gas-cleaning  equipment  and  exce  • 
slagging  in  the  boiler.  I 
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^"  The  boiler,  which  is  integrated  with  the  furnace,  is  also  specifically  designed  for 
efuse  combustion.  Boiler  tubes  are  arranged  in  widely  spaced  rows,  not  staggered,  to 
jermit  effective  cleaning  by  sootblowers  and  to  prevent  plugging  of  tube  rows.  The 
nultipass  design  of  the  boilers  reduces  the  particulate  load  into  the  gas-cleaning  equip- 
nent  as  the  reversal  of  the  gas  flow  at  the  bottom  of  each  pass  causes  particulates  to 
Irop  out  of  the  gas  stream.  The  superheater  is  strategically  located  away  from  the 
adiant  furnace  zone  in  an  open  pass.  This  location  requires  a  larger  superheater 

*  urface  area  but  has  resulted  in  a  recorded  operating  life  of  more  than  40,000  hours 

;  I'ithout  tube  replacement.  The  steaming  conditions  at  the  Pinellas  facility  will  be 

ii  il5psig.,750°F. 

lii^       Combustion  gases  from  the  boiler  pass  through  an  electrostatic  precipitator  for 

!"  emoval  of  particulates  before  the  gases  are  released  to  the  atmosphere  through  the 

tack.  This  equipment  is  also  designed  to  accommodate  fly  ash.  The  precipitators  pro- 

osed  for  this  facility  contain  three  electrical  fields,  which  will  keep  emissions  below 

rurrent  standards.  Provision  has  been  made  in  the  design,  however,  for  the  installation 
f  a  fourth  field  in  the  event  that  emission  requirements  become  more  stringent  in  the 
jture. 

(The  steam  produced  in  the  boiler  is  used  to  drive  a  turbine-generator  to  produce 
lectricity  for  sale.  A  portion  of  the  steam  is  also  used  in-house  to  drive  some  of  the 
quipment.  The  whole  operation  is  monitored  from  an  air-conditioned  central  control 

pom. 

^  !      Conceptually,  the  UOP  materials  recovery  system  begins  on  the  Martin  stoker 

I  rate  where  combustible  material  that  miglit  hamper  recovery  efforts  is  completely 

[urned  out.  The  precise  distribution  of  underfire  combustion  air  prevents  combustion 

(hot  spots"  that  could  damage  or  destroy  recoverable  materials. 
11  The  combustion  residue  is  discharged  from  the  furnace  into  residue  dischargers. 
ere,  the  residue  is  quenched  in  water  which  also  serves  as  an  air  seal  to  prevent 
fakage  of  uncontrolled  combustion  air  into  the  furnace.  The  residue  is  cooled  below 
I2°F  by  the  quench  water  and  is  pushed,  by  a  discharge  ram,  up  into  a  draining  and 
ying  chamber.  The  discharged  residue  contains  just  enough  moisture  to  control 
ist,  which  permits  the  use  of  ordinary  conveyors  to  transport  the  residue  to  the 
laterials  recovery  system. 

Materials  recovery,  as  seen  in  the  simplified  schematic  (fig.  5),  is  essentially  a 
ries  of  sizing  and  separation  processes  to  separate  the  metallic  from  the  nonmetallic 
sidue  and  to  separate  the  ferrous  from  the  nonferrous  metals. 

Bulky  ferrous  and  nonferrous  scrap  is  the  first  item  separated  for  sale.  A  rotating 
)mmel  screen  divides  the  remaining  stream  into  two  fractions,  one  larger  than 
inches  and  the  other  smaller  than  2  inches.  The  plus-2-inch  fraction,  which  is  pri- 
irily  "tin"  cans,  will  pass  a  magnet  for  ferrous  removal.  This  ferrous  material  is  then 
: redded  to  remove  surface  contamination  and  to  increase  the  density  of  the  metal 
ior  to  sale. 

Material  less  than  2  inches  will  also  pass  a  magnet  where  small  bits  of  ferrous  metal 
11  be  removed.  The  remainder  will  be  primarily  aluminum,  heavy  nonferrous  metals, 
[iss,  ash,  and  other  inorganic  materials. 
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Figure  5.-UOP  materials  recovery  system. 

Additional  screening  will  subdivide  the  stream  into  coarse  and  fine  fraction 
removing  most  of  the  glass,  ceramics,  dirt,  and  other  nonmetallic  particles.  Aluminii 
and  other  nonferrous  metals  will  be  recovered  from  each  fraction  by  heavy-mel 
density  separation.  Because  of  the  difference  in  specific  gravity,  aluminum  wUl  flc  i 
while  zinc  and  copper  alloys  sink.  Small  aluminum  particles  will  be  crushed  into  rec  • 
erable  flakes. 

The  crushed  glass,  ceramics,  dirt,  and  other  nonmetallic  particles  removed  dur 
this  sizing  process  may  be  admixed  with  the  precipitator  fly  ash,  which  is  collec  . 
separately.  This  aggregate  material  may  be  sold  and  used  as  supplemental  aggregate 
asphalt  paving  mix,  in  roadbed  construction,  as  landfill  cover,  and  as  fill  for  1; 
reclamation. 

After  recovery  of  metals  and  aggregate  material,  the  remaining  stream  will  con  i 
primarily  of  larger  stones,  bricks,  and  similar  noncombustible  and  nonmetallic  objC'  I 
This  stream  will  generally  be  the  only  residue.  Although  it  may  have  value  as  clean 
it  will  usually  be  disposed  of  in  a  landfill.  This  process  residue  will  represent  about 
percent,  by  weight  of  the  incoming  raw  solid  waste. 
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Tlie  Pinellas  County  facility  will  operate  24  hours  a  day,  7  days  a  week.  Each  of 
le  two  combustion  units  is  scheduled  for  shutdown  for  inspection  and  maintenance 
vice  a  year.  The  plant's  50  MW  turbine-generator  is  scheduled  for  Shutdown  and 
ispection  every  3  years. 

To  minimize  use  of  potable  water,  a  precious  commodity  in  Florida,  effluent  from 
tertiary  water  treatment  plant  will  be  used  in  the  cooling  towers  of  the  resource 
covery  facUity. 

The  resource  recovery  plant  will  be  centrally  located  within  the  county  for  service 
!i  all  county  communities.  UOP  has  allocated  funds  for  landscaping  and  site  beautifi- 
tion  so  that  the  facility  will  be  attractive. 

I  Applications  for  required  Federal  and  State  permits  covering  air  emissions  and 
nverplant  siting  have  already  been  filed.  To  bring  the  project  to  fruition,  a  number  of 
mtiacts  must  be  negotiated,  including  contracts  for  the  construction  and  operation 
the  facility  and  for  the  transmission  and  sale  of  energy,  all  of  which  must  be  com- 
,etcd  before  the  bonds  for  the  plant  can  be  sold.  After  reviewing  both  public  and 
jivate  ownership  options,  the  county  has  decided  that  it  prefers  to  be  the  owner  of 
e  facility. 

Once  the  bonds  are  sold,  the  county  will  notify  UOP  to  proceed  with  construction. 
liity-two  months  later,  the  Pinellas  County  resource  recovery  facility  should  be 
:idy   for  startup.  Raw  solid  waste  will  then  be  converted  into  clean  energy  and 

lateiials. 

Pinellas  County  is  far  ahead  of  most  other  urban  communities  with  its  solid  waste 
jogram.  By  working  together,  its  citizens  and  officials  are  turning  their  sohd  waste 
loblem  into  a  solid  solution. 
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TOPIC  III 
PLANNING 

ABSTRACTS 

WHITMER 

Legal  and  Environmental  Issues  Surrounding  Urban  Waste  IVooJ.— Materials  ha 
dling  to  minimize  pollution,  litter,  and  complaints,  along  with  careful  attention 
matters  of  ownership  and  contracts,  must  be  addressed  early  in  the  quest  for  uti 
zation  of  wasted  resources.  Identification  of  these  considerations  serves  to  impro' 
a  project's  chance  for  successful  implementation. 

LEMPICKI 

Coordinating  Producers  and  Consumers  of  Urban  Wood  Residues  .—Sources  > 
urban  wood  waste  are  both  numerous  and  varied,  so  finding  ways  to  use  this  wasn 
can  be  a  complex  problem.  This  paper  deals  with  the  New  Jersey  Bureau  of  Forej 
Management's  program  concerning  wood  waste  generated  from  the  secondaa 
processing  of  wood,  locating  the  manufacturers,  estimating  their  volumes  of  wool 
waste,  and  marketing  these  materials.  The  wood  waste  from  secondary  wood  proc 
essors  is  a  collectively  large  source  of  material  often  found  in  urban  areas. 

PARDO 

Urban  Waste  Wood:  The  Challenge  and  the  Future  .—The  proceedings  of  this  cod 
ference  present  a  valuable  guide  to  what  can  be  done  to  convert  urban  waa 
wood  problems  into  utilization  opportunities.  The  information  needs  to  be  cow 
municated  as  widely  as  possible.  Federal  dollars  are  in  short  supply  for  newpsx 
grams,  but  if  these  programs  are  presented  as  proven  ways  to  save  money  and-i 
lower  costs,  Congress  may  be  willing  to  buy  what  you  are  selling. 
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LEGAL  AND  ENVIRONMENTAL  ISSUES 
SURROUNDING  URBAN  WASTE  WOOD 

George  L.  Whitmer' 

Abstract. -Materials  handling  to  minimize  pollution,  litter,  and 
complaints,  along  with  careful  attention  to  matters  of  ownership 
and  contracts,  must  be  addressed  early  in  the  quest  for  utilization  of 
wasted  resources.  Identification  of  these  considerations  serves  to  im- 
prove a  project's  chance  for  successful  implementation. 


INTRODUCTION 

Many  aspects  of  waste  wood  management  are  identical  to  reuse  or  disposal  of 
lunicipal  solid  waste.  In  fact,  one  might  envision  that  processed  garbage  or  baled 
astepaper  might  compete  with  wood  waste  in  the  marketplace.  The  purpose  of  this 
resentation  is  to  call  attention  to  several  technical  and  nontechnical  considerations 
hich  are  shared  by  waste  utilization  programs. 

Legal  and  environmental  issues  cannot  easily  be  separated,  for  failure  to  recognize 
ine  aspect  would  tend  to  have  a  great  impact  on  the  other.  One  consideration  in  par- 
cular,  ownership,  has  the  potential  to  influence  a  program's  financial  risk. 

J  Waste  wood  occurring  naturally  in  a  forested  area  becomes  a  part  of  the  ecosystem. 
;  not  only  presents  no  environmental  problems  other  than  fire  hazard  but  is  utilized 
y  insects  and  forest  animals  and  recycled  through  the  forest  itself.  Waste  wood 
tcuning  in  an  urban  area  presents  an  entirely  different  set  of  circumstances.  In  most 
l^ses,  waste  cannot  be  allowed  to  remain  where  it  occurs.  It  requires  transportation  to 
l^iother  site  to  be  disposed  of  or  to  receive  further  processing.  Stumps,  limbs,  or 
!;moUtion  debris  present  an  operational  problem  at  disposal  sites.  Most  waste  wood  in 
"ban  areas  is  not  the  result  of  natural  occurrences  but  results  from  land  clearing,  con- 
ruction  and  demolition,  and  other  activities. 

Nature  provides  a  solution  for  waste  wood  in  the  natural  environment.  It  is  not  an 
stant  solution,  but  we  cannot  argue  with  the  results;  however,  once  we  alter  natural 
"ocesses,  it  is  then  up  to  us  to  provide  solutions  for  the  problems  we  create. 

Waste  wood  presents  a  handling  problem  at  any  land  disposal  site.  In  Georgia,  the 
nvironmental  Protection  Division  (EPD)  recognizes  two  types  of  approved  disposal 
:tes:  the  sanitary  landfill  for  putrescible  (rapidly  decomposable)  waste,  which  requires 
ijily  cover,  and  the  landfill  for  nonputrescible  (demolition  debris,  wood  waste,  etc.) 
bste,  which  requires  monthly  cover.  Waste  wood  normally  goes  to  landfills  since  it 
)es  not  decompose  rapidly.  It  presents  a  handling  problem  in  either  type  of  site 
jough.  Much  of  it  will  not  compact  (tree  stumps,  logs)  and  presents  a  hazard  to  the 
![uipment  operator  when  mixed  with  other  refuse.  A  large  stump  or  log  is  capable  of 
1>setting  a  piece  of  landfill  equipment.  This  type  of  material  also  takes  up  valuable 
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space  in  the  landfill  because  it  does  not  compact  well.  More  cover  material  is  requir 
to  cover  logs,  stumps,  and  limbs  because  the  air  spaces  around  them  must  be  filk 
With  the  rising  cost  of  land  and  suitable  cover  material,  these  important  factors  v\ 
become  even  mor.e  critical. 

Site  supervisors  have  the  authority  under  State  law  to  refuse  any  waste  at  a  s 
where  acceptance  of  the  material  miglit  cause  a  problem.  This  stipulation  is  for  t 
purpose  of  protecting  site  operators  from  hazardous  materials.  It  may  also  be  apf 
cable  to  waste  wood,  especially  logs,  if  the  supervisor  feels  that  his  site  is  filling  up  t^ 
rapidly  or  that  the  wood  might  constitute  an  operational  problem  or  be  hazardous 
his  personnel  or  equipment. 

It  becomes  clear  that,  while  protecting  the  site  operator  from  hazards  and  preventi 
overutilization  of  site  space,  waste  wood  that  is  refused  admittance  to  a  site  contini 
to  be  a  disposal  problem. 

Control  over  the  burning  of  waste  wood  is  the  responsibility  of  the  Air  Protecti 
Branch  of  the  EPD,  along  with  local  fire  and  forestry  officials.  Permits  may  be  issue 
under  certain  circumstances,  for  existing  conical  (teepee)  burners,  land-clearing  debi 
and  tree  and  limb  debris  resulting  from  ice  or  wind  storms.  In  many  cases,  permits  I 
the  burning  of  land-clearing  and  storm  debris  are  a  local  option.  However,  in  count 
with  a  population  greater  than  65,000,  burning  of  land-clearing  and  storm  debris 
prohibited  unless  adequate  disposal  facilities  are  not  reasonably  available.  Burning 
permitted  in  this  case,  except  that  no  open  burning  of  more  than  100  cubic  yards  f 
day  of  land-clearing  debris  is  permitted  unless  the  person  performing  the  burning  I 
first  given  2  days'  notice  of  the  tijne  and  place  of  the  burning  to  the  Director,  HP 

Air  curtain  destructors  may  be  permitted  for  burning  of  brush  and  small  lim 
This  practice  has  in  some  cases  led  to  air  pollution  problems  due  to  burning  of  un; 
thorized  waste. 

ENVIRONMENTAL  CONSIDERATIONS 

The  air  in  urban  areas  already  contains  high  quantities  of  air  pollution  fr( 
vehicle  emissions,  industry,  and  coal-fired  boilers.  Burning  of  waste  wood  adds  unn  i 
essarily  to  the  already  overburdened  air  in  major  urban  areas  and  has  led  to  the  tig 
ening  of  restrictions  placed  on  obtaining  a  permit  for  open  burning  of  land-cleari  i 
and  storm  debris.  Accidental  burning  of  waste  wood  through  acts  of  nature  or  careic 
ness  also  contributes  heavily  to  the  urban  air  pollution  problem.  Accidental  burni 
or  deliberately  set  illegal  waste  wood  fires  may  become  a  problem  following  a  wind 
ice  storm.  Variances  of  open  burning  restrictions  may  be  issued  by  regulatory  agenci  ■' 

Waste  wood  also  has  the  potential  for  causing  water  pollution.  This  water  pel  ! 
tion  may  take  the  form  of  floating  or  partially  submerged  debris  in  rivers,  streams,  a 
lakes.  In  this  form,  it  poses  a  hazard  to  persons  skiing,  swimming,  or  fishing  in  recr 
tional  areas.  Water  pollution  may  also  take  the  form  of  tannic  acid  leaching  ir 
bodies  of  water  from  certain  types  of  waste  wood.  Tannic  acid  may  not  be  an  envin  | 
mental  problem  as  it  is  a  natural  phenomenon  in  forested  areas;  however,  tannic  ai 
would  be  a  problem  if  leaching  from  a  tremendous  amount  of  wood  waste  were 
occur  in  a  small  body  of  water.  Also,  as  tannic  acid  can  cause  darkening  of  water 
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nay  have  a  negative  impact,  esthetically,  on  bodies  of  water  used  for  recreational 
jurposes. 

With  the  increased  cost  of  natural  gas  and  fossil  fuels,  wood  is  becoming  an 
ittractive  alternative.  Wood  chips  are  being  used  by  many  industries  as  boiler  fuel  to 
generate  process  steam.  Any  industry  switching  from  natural  gas  or  fossil  fuels  to  wood 
:hips  or  a  combination  of  fossil  fuels  and  wood  chips  must  advise  the  State  Air  Pro- 
ection  Branch  of  the  change.  Very  strict  emission  controls  are  required;  it  is  possible 
hat  the  emission  control  equipment  may  have  to  be  altered,  or  the  permit  for  opera- 
ion  of  the  boiler  may  have  to  be  amended.  A  significant  increase  in  the  amounts  of 
ly  ash,  sulfur  dioxide,  other  particulates,  or  smoke  opacity  would  require  a  change  in 

he  emission  control  equipment. 
I 

The  pulp  and  paper  industry  is  utilizing  much  wood  waste  as  fuel.  One  particle- 

loard  company  in  south  Georgia  utilizes  sander  dust  as  fuel,  creating  an  ash  which 

nust  be  disposed  of.  Sander  dust  used  in  the  boilers  creates  an  ash  slag;  the  boilers  are 

lown  out  four  times  a  day,  and  there  is  one  day  a  week  for  boiler  cleaning.  During 

his  day,  a  chemical  is  added  to  the  boiler  walls,  hardening  the  slag  so  that  it  may  be 

hipped  off.  In  these  sander-dust  burners,  soft  slag  puddles  at  the  bottom;  all  of  the 

lag  and  ash  is  presently  landfilled. 

Another  company  using  a  hogged  fuel  boiler  had  its  ash  analyzed  for  nutrient 
jontent.  The  result  was  that  it  did  not  contain  high  enough  percentages  of  minerals 
Ip  offset  the  hauling  expense  to  a  fertilizer  company.  Recovery  of  the  ash  material 
torn  this  plant  would  probably  be  economically  feasible  if  a  fertilizer  plant  were 
K^ated  close  by.  This  plant  landfills  its  ash  at  the  present  time. 

An  Atlanta  company  that  buys  fly  ash  for  use  in  fertilizer  and  cement  purchases 
le  ash  from  coal  but  none  from  wood;  the  reason  for  this  is  that  coal  fly  asli  is  gen- 
rally  consistent,  while  that  from  wood  burning  is  extremely  variable.  Wood  ash 
aries  from  source  to  source,  depending  on  equipment,  mixture  of  fuels,  type  of 
upplemental  fuels,  geographic  location,  mixture  of  softwoods  and  hardwoods,  han- 
ging procedure,  and  types  of  environmental  controls  used.  The  company,  however,  is 
ery  interested  in  the  utilization  of  wood  ash  and  is  presently  doing  research  on  it. 

,  If  large  quantities  of  wood  chips,  bark,  or  sawdust  are  stored  outside,  certain 
oblems  could  arise.  As  mentioned  earUer,  the  leaching  of  water  through  this  material 
uld  cause  tannic  acid  to  enter  the  groundwater  and,  ultimately,  nearby  ponds  or 
reams.  The  storage  area  could  be  considered  an  eyesore  by  nearby  residents  who 
light  complain  to  local  officials.  Zoning  regulations  and  local  nuisance  ordinances 
lould  be  researched  beforehand  in  order  that  problems  of  this  nature  can  be  avoided. 

The  major  environmental  consideration  in  the  transportation  of  waste  wood  is 
jtter.  The  Georgia  solid  waste  law  does  not  specifically  require  that  trucks  be  covered, 
ut  it  does  require  that  vehicles  be  loaded  and  moved  in  such  a  manner  that  contents 
|ill  not  fall  or  spUl,  and  it  states  that  vehicles  be  covered  "when  necessary"  to  prevent 
lowing  of  material  from  the  vehicle. 

LEGAL  CONSIDERATIONS 

RCRA  and  the  Georgia  Solid  Waste  Management  Act  do  not  specifically  address 
le  ownership  of  waste.  Waste  handling  is  a  local  governmental  trust  in  most  cases,  and 
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ordinances  establishing  ownership  of  waste  are  generally  passed  by  the  city  or  coun 
Normally,  this  will  not  affect  waste  wood  if  it  is  a  material  of  no  fuel  value  and 
merely  a  disposal  problem;  however,  when  this  waste  material  becomes  a  commodity 
has  a  monetary  value— then  the  legal  problem  of  ownership  comes  into  focus.  Comrr 
nities  that  have  instituted  curbside  newspaper,  glass,  and  aluminum  can  recycling  pi 
orams  have  had  to  deal  with  this  problem.  Residents  would  place  their  garbage  : 
curbside  for  pickup  and  disposal;  at  the  same  time,  they  would  place  bundled  ne\ 
papers,  bagged  aluminum  cans,  and  glass  at  the  curbside  for  pickup  and  placement  i 
separate  compartments  of  the  garbage  truck  or  in  separate  trucks  for  recycling.  Prco 
lems  developed  when  scavengers  would  precede  the  garbage  truck  and  pick  up  ti 
recyclables  for  sale  themselves.  Local  ordinances  had  to  be  passed  providing  tHi 
anything  placed  at  the  curbside  by  the  resident  was  the  property  of  the  city. 

If  a  city  were  selling  its  waste  wood  to  a  mill  for  use  as  fuel  in  its  boilers,  till 
wood  would  then  be  a  commodity.  An  ordinance  would  be  needed  to  prevent  looi 
entrepreneurs  from  collecting  and  selling  the  waste  wood  fuel  themselves  and  thli 
preventing  the  city  from  collecting  the  revenues  generated  by  it. 

Military  installations  sell  their  waste  wood  through  their  Defense  Property  Dispoo 
Offices.  The  military  considers  all  waste  as  government  property  and  has  complel 
ownership  of  it.  Waste  wood— wooden  crates  and  boxes,  pallets,  land-clearing  debl) 
demolition  and  construction  debris— is  sold  by  the  lot  on  a  competitive  bid  or  by  t' 
truckload  by  retail  sale.  All  waste  wood  has  to  be  paid  for  before  it  leaves  the  militt 
installation. 

In  selecting  a  market  for  and  obtaining  a  contract  to  buy  or  sell  waste  wood 
number  of  elements  must  be  taken  into  consideration.  Most  city  and  county  gove  i 
ments  in  Georgia  do  not  allow  for  contracting  beyond  a  1-year  limit  or  beyonc 
current  administration.  This,  of  course,  has  made  it  almost  impossible  for  cities  a  i 
counties  to  contract  with  recycling  companies  to  take  scrap  material.  Many  sen 
companies  would  have  to  make  an  investment  in  the  form  of  collection,  transpor ; 
tion,  or  processing  equipment   to  enter  into  such  an  agreement  and  would  not   ) 
interested  in  less  than  a  5-year  contract.  Exceptions  are  companies  that  already  rccy 
such  materials  as  scrap  metal,  newspaper,  corrugated  board,  and  glass.  They  woi  1 
require  no  additional  investment  to  enter  short-term  contracts.  Contracting  for  a  i 
type  of  waste  to  be  used  as  a  fuel  generally  requires  extensive  alteration  or  constr  ' 
tion  of  boilers  and  conveying  equipment  and  would  require  a  long-term  contract. 

Subtitle  D  of  RCRA,  under  requirements  for  approval  of  state  solid  waste  pla 
requires  all  state  plans  to  provide  that  local  governments  can  no  longer  be  prohibit 
from  entering  into  long-term  contracts  for  the  supply  of  soHd  waste  to  resource  reci  ^ 
ery  facilities.  This  provision  would  pertain  to  wood  waste  which  is  to  be  used  as  a  fu 

In  any  contract,  provisions  should  be  made  for  the  amounts  of  allowable  contar  , 
nants  in  waste  materials.  Tliere  are  strict  requirements  on  contaminants  and  differ£  i| 
grades  of  scrap  metal  and  waste  paper;  waste  wood  types  also  have  this  problem,  i 
anyone  buying  bark  for  use  as  fuel  can  attest.  Sand  is  a  major  and  unavoidable  c( 
taminant  in  shipments  of  bark;  there  should  be  an  allowable  level  which,  if  exceeds 
would  cause  a  shipment  to  be  rejected.  It  is  amazing  how  much  scrap  metal  and  otl ' 
unwanted  material  tends  to  turn  up  in  bark  shipments. 


114 


ll 


Contracts  should  state  insurance  limits  and  which  party  is  liable  if  damage  to 

equipment  occurs  from  contaminated  shipments.  Metal  in  a  shipment  of  bark  could 

cause  damage  to  shredding  equipment,  or  bark  containing  too  much' moisture  might 

BJ cause  boiler  corrosion.  Liability  insurance  for  personal  injuries  should  be  stated  in  a 

contract. 

Method  of  payment  should  also  be  clearly  stated.  Military  installations  require 
payment  for  any  scrap  before  it  leaves  the  installation.  Other  industries  are  allowed  to 
transport  material  to  their  plant,  where  it  is  weighed,  and  payment  is  then  issued. 
Some  contractors  buying  ferrous  metals  or  aluminum  are  allowed  to  transport  mixed 
loads  of  scrap  to  their  plant,  run  it  through  a  magnetic  separator,  and  pay  according  to 
the  amounts  of  ferrous  and  nonferrous  materials  delivered.  Payment  should  be  speci- 
fied as  to  load,  ton,  or  cubic  yard. 

A  contract  should  specify  minimum  and  maximum  volumes,  particularly  if  the 
waste  material  is  to  be  used  as  a  fuel.  The  industry  buying  the  fuel  has  a  minimum 
volume  that  can  be  utilized  in  order  to  maintain  operations.  The  contractor's  failure  to 
deliver  the  minimum  volume  could  jeopardize  plant  operation.  There  may  also  be  a 
problem  of  receiving  too  much  fuel  at  the  industry  if  adequate  storage  area  does  not 
exist. 

Provisions  should  be  made  in  the  contract  for  downtijne  on  the  part  of  the  fuel 
user.  Boilers  and  burners  will  have  scheduled  downtime  for  maintenance.  During  this 
time,  the  contractor  will  still  be  generating  waste  wood  fuel,  and  the  contract  should 
Stipulate  where  the  fuel  will  go  during  these  downtimes.  The  same  is  true  for  unsched- 
uled maintenance  or  repair.  Many  plants  have  built-in  redundancy  so  that  they  can 
Remain  operating  during  unscheduled  shutdown  of  the  main  boiler. 

If  the  ash  cannot  be  utilized,  contractual  arrangements  must  be  made  to  dispose 
of  it.  If  the  ash  can  be  used  in  fertilizer  or  cement,  then  additional  contracts  will  be 
Ifieeded  between  the  generator  and  the  buyer;  these  contracts  should  specify  minimum 
nd  maximum  volume,  type  of  payment,  number  and  type  of  contaminants  allowed, 
iability  and  insurance.  The  U.S.  EPA  is  currently  writing  guidelines  on  the  use  and 
isposal  of  ash;  these  guidelines  also  wUl  have  to  be  considered. 
SOCIAL  AND  POLITICAL  ASPECTS 
Finally,  there  are  certain  social  and  political  aspects  that  must  be  taken  into 
;onsideration  with  respect  to  waste  wood  or  any  other  waste. 

Local  governments  have  the  authority  to  issue  business  licenses  and  to  control 

loning  laws.  Any  industry  changing  from  one  type  of  fuel  to  a  mixture  of  that  fuel 

I    ind  waste  wood  (or  any  other  type  of  waste  material)  may  encounter  some  opposition 

;    rom  the  local  zoning  board.  Also,  an  industry  wanting  to  locate  in  an  industrial  park 

ind  burn  a  waste  for  fuel  may  find  it  more  difficult  to  get  zoning  approval  or  a  busi- 

'   less  license. 
!i 

Whenever  waste  material  is  hauled,  whether  for  fuel,  recycling,  or  disposal,  there 

re  going  to  be  complaints.  Care  should  be  taken  to  provide  that  trucks  are  properly 

lovered  to  prevent  littering.  If  possible,  trucks  should  be  routed  to  avoid  use  of  resi- 

,  Bential   streets,  which  will  help  prevent  complaints  about  noise,  dust,  damage  t< 
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streets,  and  danger  to  children.  If  citizens  feel  that  a  facility  is  emitting  too  heavy 
smoke  plume,  it,  as  well  as  governmental  regulatory  agencies,  will  get  complaint 
Citizens  may  also  complain  if  they  think  water  leaching  through  the  waste  material 
getting  into  nearby  water. 

A  tremendous  amount  of  waste  wood  occurs  from  ice  storms,  hurricanes,  an  I 
tornadoes.  We  have  already  discussed  what  this  extra  volume  does  to  the  capacity  an  I 
operation  of  disposal  sites.  Some  contingency  methods  should  be  available  to  hand!  ■ 
this  extra  waste  wood.  Limb  and  tree  shredders  and  chippers  are  good  methods  c 
dealing  with  this  situation.  The  resulting  shredded  material  may  then  be  used  as  con  • 
post  or  decorative  mulch. 

The  subject  of  public  relations  has  been  left  for  last  but  not  because  it  is  lea: ; 
important.  It  is  imperative  that  any  new  procedure  be  preceded  by  an  extensive  publi ; 
relations  campaign.  If  a  facility  is  planning  a  switch  from  a  conventional  fuel  to  bun  ■ 
ing  waste  wood  or  any  other  waste,  the  citizens  should  know  why.  They  should  b; 
told  that  it  will  conserve  natural  resources,  that  emissions  will  continue  to  meet  env  • 
ronmental  standards,  that  it  wUl  contribute  to  the  longevity  of  their  disposal  sites,  an  I 
that  the  operation  will  be  clean.  A  properly  informed  public  will  be  more  apt  to  we 
come  the  facility  as  a  good  neighbor.  In  fact,  good  public  relations— backed  up  with  i 
good  operation— may  be  a  facility's  most  valuable  asset. 
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COORDINATING  PRODUCERS  AND  CONSUMERS 
OF  URBAN  WOOD  RESIDUES 

Edward  A.  Lempicki' 

Abstract. -Sources  of  urban  wood  waste  are  both  numerous  and 
varied,  so  finding  ways  to  use  this  waste  can  be  a  complex  problem. 
This  paper  deals  with  the  New  Jersey  Bureau  of  Forest  Manage- 
ment's program  concerning  wood  waste  generated  from  the  secon- 
dary processing  of  wood,  locating  the  manufacturers,  estimating 
their  volumes  of  wood  waste,  and  marketing  these  materials.  The 
wood  waste  from  secondary  wood  processors  is  a  collectively  large 
source  of  material  often  found  in  urban  areas. 


LOCATING  MANUFACTURERS 

Companies  that  use  lumber  to  manufacture  wood  products  often  locate  in  or  near 
urban  areas  because  they  are  near  a  large  labor  supply,  are  accessible  for  receiving  and 
shipping  materials,  and  are  near  markets  for  their  products.  Consequently,  the  secon- 
dary processors  of  wood  are  concentrated,  as  are  their  wood  wastes. 

To  locate  and  identify  these  wastes,  one  must  first  locate  the  manufacturers.  If  no 
directories  of  these  processors  are  available,  one  must  be  compiled.  In  most  states,  the 
sources  of  information  for  such  a  directory  include  the  Lumbermans  National  Red- 
book  Service,  Dun  and  Bradstreet  hstings,  and  state  industrial  directories. 

A  questiormaire  can  be  used  to  update  listings  and  gather  more  detailed  informa- 
tion. It  might  include  requests  for  information  on  the  type  of  raw  material  used  (such 
as  lumber,  bolts,  plywood),  species  of  wood  and  amount  of  wood  used  annually, 
products  manufactured,  estimated  amount  of  wood  residue  and  the  percentage  used  at 
the  plant,  and  the  difficulty  of  disposing  of  wood  residues. 

The  New  Jersey  Bureau  of  Forest  Management  constructed  such  a  questionnaire 
and  mailed  them  to  woodworking  firms  throughout  the  State  (fig.  1).  According  to 
the  Bureau's  survey,  there  are  approximately  1 ,500  wood-product-manufacturing 
firms  in  New  Jersey.  The  responses  were  organized  into  product  categories,  and  the 
location  of  each  company  was  pinpointed  on  a  State  map  to  give  an  overall  view  of 
area  workload.  It  showed  a  great  industry  concentration  in  the  highly  populated  north- 
eastern section  of  the  State  and  other  clusters  around  smaller  urbanized  areas  of  the 
State.  A  direct  relationship  between  population  density  and  location  of  secondary 
wood-processing  companies  was  evident.  With  this  information  gathered,  companies 
were  contacted  concerning  materials  generated  as  waste  from  product  manufacturers. 
ESTIMATING  RESIDUE  VOLUMES 

Residues  from  the  secondary  manufacture  of  wood  products  fell  into  two  broad 
categories:  dimensional  waste  such  as  rippings,  cutoffs  and  rejects;  and  fine  material 
such  as  sawdust,  shavings,  and  chips. 


Utilization  and  Marketing  Forester,  New  Jersey  Bureau  of  Forest  Management,  CN  028, 
Trenton,  New  Jersey  08625. 
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Company  Name:        Address: 

Person  to  Contact:  Phone: 

1.      Please  note  the  product(s)  made  (from  wood): 


2.      What  form  of  wood  raw  materials  do  you  use?  Please  check. 

Blanks  Precut  or  Dimension  ____  Post 

Stock 
Blocks,  Cants  or 

Flitches  Lumber  . Roundwood 

Composition  Board  Moulding  Veneer 

Fiberboard  Piling  Other 

Hardboard  Plywood  (Please  specify) 

Particleboard  Poles  


3.  Approximately  what  quantity  of  the  following  species  do  you  use?  Please  indicate  by  pw 

centage. 

Ash  Soft  Maple  Balsam  Fir 

Basswood  Sycamore  Western  Fir 

Beechwood  Red  Oak  Eastern  Hemlock 

Birch  White  Oak  Southern  Pine 

Cedar  Walnut  Western  Pine 

Cherry  Yellow-Poplar  White  Pine 

Hickory  Mixed  Hardwoods  Eastern  Spruce 

Hard  Maple  Tropical  Woods  Mixed  Softwoods 

Other  (please  specify)    

4.  Please  indicate  your  annual  requirement  of  wood,  according  to  your  method  of  measuremem 

Board  Feet       Cords  

Square  Feet      Tons    

Linear  F'eet    Other  

5.  Wliat  residues  are  produced  in  your  operation(s)  that  are  currently  going  unused?  Pleail 
check. 
Bark Cores  Sawdust  Rippings,  Cutofil 

Chips  Excelsior  Shavings  Wood  Flour 

Other  (Please  specify)   

6.  Annual  Wood  Residue  Volume  and  Method  of  Disposal. 

Wood  I'ines  (sawdust,  shavings,  etc.)  cubic  yards  or  tons 

Dimensional  Waste  (ripping,  cutoffs,  etc.)  cubic  yards  or  tons 

Method  of  Disposal     

7.  How  many  personnel  are  in  your  firm? 

8.  Please  check,  if  you  desire  a  copy  of  this  directory. 

9.  Comments: 

I'igure  1. -Secondary  wood-using  industry  survey. 

The  amount  of  waste  produced  depends  on  the  product  being  manufactured,  th 
volume  and  quality  of  raw  material  used,  and  the  efficiency  of  production.  The  rang 
in  amount  of  waste  can  be  wide— from  less  than  5  percent  to  more  than  50  percent  c 
the  raw  material.  In  the  manufacture  of  floor  trusses,  the  waste  might  be  about  5  pe 
cent  of  the  volume  of  raw  material  but  50  percent  for  wood  shoe  heels. 

Collectively,  the  industry  was  having  great  difficulty  with  these  waste  material: 
Most  of  it  was  being  contracted  for  landfill  disposal  at  substantial  cost  to  the  produce! 
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An  estimated  20  million  cubic  feet  of  this  material  were  disposed  of  in  this  manner 
annually.  This  is  not  only  a  costly  burden  but  also  a  tremendous  waste  of  a  resource. 

Specific  information  must  be  obtained  on  residue  type,  productian,  and  availabU- 
ity.  The  only  accurate  way  to  obtain  volume  information  is  by  measurement,  but  most 
companies  know  the  volume  of  residues  produced  over  a  period  of  time  in  general 
terms— by  a  hopper,  container,  or  truckload.  Normally,  wood  fines  and  dimensional 
waste  from  a  particular  producer  must  be  categorized  separately. 

In  the  case  of  wood  fines,  the  important  factors  concerning  marketability  are 
species,  grade,  particle  size,  moisture  content,  quantity,  and  storage  capacity.  Samples 
of  the  material  should  be  collected  and  specifically  identified  in  these  terms  for 
future  reference.  Dimensional  waste,  rippings,  cutoffs  and  product  rejects  are  more 
difficult  to  define  accurately.  Quite  often  a  range  of  dimensional  material  is  normally 
generated.  Basically,  this  material  may  be  grouped  into  broad  categories  with  average 
fsizes  noted.  Often  only  a  portion  can  be  marketed,  so  separate  information  must  be 
obtained  for  each  category.  Samples  are  required  since  this  material  is  often  difficult 
to  describe  accurately. 

MARKETS  FOR  RESIDUES 
A  particular  residue  must  not  only  fit  a  specific  use  but  must  also  be  produced  in 
sufficient  quantity  to  allow  marketing  on  an  economically  sound  basis.  Hence,  avail- 
ible  markets  must  be  investigated  as  thoroughly  as  the  producers;  information  is  needed 
3n  material  specifications,  volume  requirements,  and  the  buyer's  shipping,  receiving, 
bd  storing  facilities. 

While  markets  for  residues  are  as  numerous  and  varied  as  the  producers,  the  major 
arkets  for  dimensional  waste  include  the  shipping  industry  (for  storing  and  bracing), 
ther  secondary  processors,  landscapers  and  nurserymen  (for  stakes),  and  the  residue 
ealers  and  companies  that  use  the  wood  fines  in  a  variety  of  products. 

There  are  wood-residue  companies  located  in  New  Jersey  that  collect,  store, 
efine,  package,  and  deliver  sawdust,  shavings,  chips,  and  other  forms  of  wood  residues 
0  a  multitude  of  markets.  Sawdust,  for  instance,  has  a  variety  of  applications;  sweep- 
ng,  absorbent  and  cleaning  compounds,  animal  bedding,  metal  pohshing,  and  wood 
fines  for  plastic  and  rubber  processing  are  just  a  few  uses.  The  average  residue  dealer  in 
'  Hew  Jersey  handles  about  8,000  tons  of  wood  fines  per  year.  On  a  cubic-foot  basis, 
'  ihis  equals  roughly  1 .5  million  cubic  feet  of  material,  or  enough  fines  to  fill  700  large 
jractor-trailers.  The  Bureau  has  been  working  with  these  residue  dealers  and  other 
jlemand  sources  and  has  had  substantial  success  in  diverting  material  from  landfills  to 
nore  productive  uses. 

Utilization  possibilities  exist  not  only  for  wood  fines  but  also  for  rippings,  cutoffs, 
''  |nd  product  rejects.  This  kind  of  material  is  the  common  result  of  sizing  and  shaping 
"^  limber  for  product  manufacture.  Through  our  visits,  we  found  that  one  company's 
'  limensional  residues  may  well  be  acceptable  as  another  manufacturer's  raw  material. 
■<  -ompanies  producing  the  same  products  generate  residue  types  that  are  essentially  the 
Same;  however,  those  manufacturing  entirely  different  products  tend  to  create  utiliza- 
ti  ion  possibilities.  Experience  has  shown  that  most  often  a  particular  company's  entire 
te    imensional  residue  production  cannot  be  recycled  to  another  manufacturer  for  reuse. 
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Usually,  a  portion  of  this  material  has  potential— a  particular  cutoff-size  range  or  al 
rippings  larger  than  a  specified  minimum  width.  The  important  point  is,  however,  tha 
data  must  be  obtained  for  the  entire  range  of  dimensional  residues  generated.  || 

SUMMARY 
The  wood-using  industry  has  accepted  the  Wood  Residue  Utilization  Program  ami 
is  cooperating  well.  The  residues  generated  from  product  production  come  in  man} 
different  forms  and  can  really  be  thought  of  as  a  resource,  every  bit  as  renewable  a 
trees  themselves.  ; 

The  problems  and  pitfaUs  of  recycling  wood  residues  are  many.  Raw  materia 
sources  must  first  be  located;  locating  must  be  followed  by  an  on-site  survey,  some 
thing  which  requires  a  great  deal  of  time  and  effort.  Actual  samples  of  material  fron 
specific  sources  are  needed  since  use  is  usually  rather  specific,  and  wood  residues'! 
especially  those  generated  by  wood-product  manufacturers,  are  quite  variable  am 
difficult  to  describe  accurately.  Also,  the  material  seems  more  attractive  to  a  potentia  j 
buyer  if  it  can  be  seen  and  possibly  tried  for  use.  | 

Experience  has  shown  that  waste  wood  must  really  sell  itself.  One  must  first  havi 
something  that  a  potential  buyer  can  use.  Not  only  must  it  be  acceptable  for  a  specifii 
use  or  product,  but  it  must  also  be  available  at  the  right  price.  Further,  waste  woo( 
involves  a  certain  cost  for  storage,  handling,  and  transport.  Economics  is  ultimately  thii| 
deciding  factor  and  most  often  the  real  incentive  to  both  residue  producer  and  user 
There  is  a  wide  range  of  uses  for  wood  residues  both  inside  and  outside  of  the  wood  j 
products  industry,  and  most  of  this  material  need  not  be  a  burden.  i 

il 
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URBAN  WASTE  WOOD:  THE  CHALLENGE  AND  THE  FUTURE 

Richard  Pardo'  ' 

Abstract. -The  Proceedings  of  this  Conference  present  a  valuable 
guide  to  what  can  be  done  to  convert  urban  waste  wood  problems 
into  utilization  opportunities.  The  information  needs  to  be  commu- 
nicated as  widely  as  possible.  Federal  doUars  are  in  short  supply  for 
new  programs,  but  if  these  programs  are  presented  as  proven  ways 
to  save  money  and  to  lower  costs,  Congress  may  be  willing  to  buy 
what  you  are  selling. 


This  Conference  has  been  a  real  learning  experience  for  me,  and  I  want  to  commend 
le  people  who  put  the  meeting  together  and  each  of  the  speakers  for  a  job  well  done. 
le  Proceedings  of  the  meeting  will  be  a  gold  mine  of  valuable  information  and  ideas 
an  area  that  so  far  has  gone  almost  unnoticed. 

Let  me  begin  with  a  few  words  about  the  American  Forestry  Association  for  those 
you  who  may  not  be  familiar  with  AFA.  We  are  neither  a  trade  association  nor  a 
ofessional  society  but  are  a  citizen  conservation  organization.  Membership  is  open  to 
lyone.  We  are  perhaps  best  known  for  our  monthly  magazine  "American  Forests." 
ur  primary  role  is  conservation  education:  informing  the  public  about  the  broad 
ectrum  of  forest-land  management  opportunities  and  issues.  We  are  communicators 
AFA,  which  is  one  reason  why  I  am  excited  by  what  I  have  heard  here  at  this  con- 
rence.  The  information  presented  here  is  specific,  practical,  and  tremendously  useful. 
w  it  needs  to  be  communicated. 

Are  we  really  talking  about  problems,  or  are  we  also  talking  about  opportunities? 
le  man's  problem  can  be  another's  opportunity.  Perhaps  what  we  really  have  is  a 
oblem  of  communication— communication  between  the  person  with  the  waste  wood 
d  the  one  for  whom  that  wood  may  be  an  opportunity. 

With  that  thought  in  mind  I  want  to  begin  by  taking  a  quick  look  back  at  the  last 
days  to  see  whether  our  speakers  were  talking  about  problems,  or  opportunities,  or 
out  turning  problems  into  opportunities. 

Ken  Cordell  began  by  setting  the  stage  with  an  overview  of  the  urban  waste  wood 
uation. 

Steve  Dennison  followed  with  a  discussion  of  one  solution  to  the  communications 
jloblem:  Fibrest,  a  computerized  inventory  program.  Certainly  this  is  a  key  element  in 
lidging  the  gap  from  problem  to  opportunity.  He  noted  that  so  far  we  have  failed  to 
;  ply  either  modern  management  or  modern  technology  to  the  disposal  of  urban 
Mod  waste. 

I    Tommy  Loggins  was  next  with  a  description  of  another  part  of  the  inventory 
llocess:  the  landfill  survey  made  by  the  Georgia  Forestry  Commission  in  Atlanta, 


Programs  Director,  American  Forestry  Association,  1319  18th  Street,  N.W.,  Washington, 
[  .  20036. 
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which  clearly  showed  that  a  large  volume  of  usable  wood  was  being  discarded.  He 
again,  was  an  effort  to  identify  a  problem  which  could  be  turned  into  opportunity. 

George  Whitmer  was  next,  with  a  discussion  of  the  legal  problems  involved 
waste  wood  disposal  and  utUization.  I  was  particularly  glad  that  he  mentioned  t  i 
value  of  pubhc  relations  in  these  kinds  of  programs.  It  is  important  to  let  the  pub  i 
know  what  you  are  doing.  This  aspect  is  often  overlooked  unless  the  public  is  son  ; 
how  directly  involved  in  the  program. 

Millard  Davis  discussed  the  difficult  problem  of  source  separation.  He  warned  n  ; 
to  tie  your  waste  wood  program  to  other  recycling  efforts  such  as  waste  paper  : 
aluminum.  If  those  fail,  for  any  reason,  your  waste  wood  goes  down  with  them. 

Dave  DeVoto  spoke  next.  He  described  the  ups  and  downs,  the  successes  and  fc 
ures,  in  trying  to  deal  with  a  massive  problem  of  urban  waste  wood  from  Dutch  e 
disease  in  the  Minneapolis-St.  Paul  area.  There  was  no  question  which  this  was;  it  v\  i 
a  problem  that  needed  a  solution,  and  this  is  a  case-history  worth  documenting. 

Dave  Walker  then  talked  about  the  other  side  of  this  same  coin:  how  at  Georj 
Tech  they  were  able  to  set  up  a  program  to  use  wood  resulting  from  a  natural  disas 
and  save  the  school  some  $10,000  by  turning  the  problem  of  wasted  trees  into  usal  I 
mulch. 

Ed  Lempicki  followed  with  a  description  of  still  another  opportunity  from  wa: 
wood,  describing  how  tree  contractor  Sam  Willard  saved  disposal  costs  and  turn 
expense  into  income  by  operating  his  own  specialty  sawmill  to  convert  waste  urb 
trees  into  specialty  wood  products.  As  the  saying  goes:  if  you  get  a  lemon,  ma; 
lemonade. 

The  next  speaker,  Jim  Commins,  described  the  urban  demolition  and  constructi  < 
wood  survey  conducted  by  his  company  and  the  way  in  which  they  were  using  thf  i 
woods  for  landfdl  and  productive  use.  He  said  that  there  is  a  market  out  there  becai  i 
the  supply  is  almost  everywhere,  costs  of  competitive  materials  are  rising,  solid  wa: 
laws  are  getting  tougher,  and  attitudes  of  municipal  officials  are  changing  for  the  bett  i 

Jay  Lowery  focused  on  the  fuelwood  situation,  with  an  example  of  how  1 1 
disposal  problem  was  converted  into  a  utilization  opportunity  in  Atlanta  with  1 1 
institution  of  public  fuelwood  dumps.  And  he  predicted  that  more  of  this  material  v  i 
be  converted  into  salable  chips  in  the  future. 

Alex  Cobb  described  one  method  of  fuel  preparation,  the  use  of  a  hog.  He  ob 
ously  feels  that  urban  waste  wood  is  an  opportunity  since  he  concluded  that  he  is 
the  right  business  at  the  right  time.  He  also  provided  us  with  some  examples  of  1 1 
various  products  and  uses  for  hogged  waste  wood. 

Jack  Howard  spoke  next,  describing  the  functions  of  a  broker  in  the  process 
turning  one  man's  waste  product  into  another's  raw  material.  Here  was  the  voice 
experience.  He  described  several  ongoing  activities  in  which  he  is  engaged,  and  he ; 
out  a  step-by-step  procedure  for  marketing  wood  residues. 

John  Sturos  described  some  of  the  research  projects  being  carried  out  at  Michig 
Tech  to  improve  utilization  teclmology,  including  a  detailed  slide  and  film  descripti  ) 
of  an  innovative  vacuum  system  to  separate  usable  materials  from  whole-tree  chips. 
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Jim  McMinn  took  a  close  look  at  the  wood  energy  picture  and  suggested  that  the 
problem  may  be  not  how  we  dispose  of  urban  waste  wood  but  rather  how  we  can  get 
nore  of  it.  He  pointed  out  that  not  every  situation  is  right  for  converting  waste  wood 
:o  wood  energy  but  that  in  some  areas  the  potential  is  great  and  growing. 

Gloria  Mills  presented  a  fascinating  description  of  how  Pinellas  County,  Florida, 
vill  be  creating  energy  from  municipal  waste,  with  a  highly  sophisticated  and  techno- 
ogically  advanced  waste  conversion  plant. 

Ed  Lempicki  took  the  podium  for  a  second  time  to  describe  how  he  and  his  New 
tersey  colleagues  are  serving  the  brokerage  function  in  their  State  by  bringing  waste 
)roducts  together  with  waste  users  to  turn  problems  into  opportunities. 

Which  brings  me  back  to  my  starting  point:  do  we  have  a  problem,  or  are  these 
eally  opportunities  that  need  better  communications  to  be  realized? 

Frankly,  I  would  not  look  to  Washington  at  this  time  to  finance  the  kinds  of  things 
Kit  we  are  talking  about  here.  The  federal  budget  is  tight,  new  programs  are  not  being 
onsidered  because  of  inflation  and,  as  the  previous  speaker  said,  few  people  in  Wash- 
igton  know  there  is  a  problem  of  urban  waste  wood. 

My  advice  to  you  is  not  to  go  to  Washington  and  say  that  you  have  a  waste  wood 
roblem.  Instead,  go  to  Washington  and  tell  your  Congressmen  how  you  can  help 
hem.  You  have  the  examples  of  what  has  been  done  and  what  can  be  done.  You  have 
solution,  not  another  problem. 

1  have  a  feeling  that  if  we  can  get  the  word  out  on  the  potential  savings  or  profits 
lat  you  have  shown  are  possible,  the  people  in  Washington  may  begin  to  pay  attention. 

1  would  encourage  you  to  be  evangehsts  in  the  cause  of  turning  urban  waste  wood 
roblems  into  opportunities.  In  other  words,  keep  on  doing  what  you  have  been  doing. 
liere  must  be  hundreds  of  municipal  foresters,  solid  waste  managers,  poUticians,  tree 
)nipanies,  wood  users,  and  homeowners  who  would  be  delighted  to  know  that  things 
in  be  done,  that  the  technology  exists,  and  that  althougli  you  may  not  make  a  profit, 
)u  certainly  may  save  a  dollar. 

We  will  do  our  best  at  AFA  to  help  you  spread  the  word. 
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RECAL: 
A  Computer  Program  for  Selecting  Sample  Days 
for  Recreation  Use  Estimation 

by 

D.  L.  Erickson,  C.  J.  Liu,  H.  K.  Cordell,  and  W.  L.  Chen 


ABSTRACT. — Recreation  Calendar  (RECAL)  is  a  computer 
program  in  PL/l  for  drawing  a  sample  of  days  for  es- 
timating recreation  use.   With  RECAL,  a  sampling 
period  of  any  length  may  be  chosen;  simple  random, 
stratified  random,  and  factorial  designs  can  be 
accommodated.   The  program  randomly  allocates  days 
to  strata  and  locations. 


Federal  and  State  land  management  agencies  must  regularly  and  reliably 
estimate  visitor  use  of  recreation  areas  under  their  control.   Only  in 
this  way  can  funds  be  appropriately  allocated  among  recreation  areas  and 
needs  for  expansion  discovered.   Various  methods  of  data  collection  and 
analysis  are  employed,  depending  upon  the  sorts  of  information  needed, 
but  most  methods  require  observation  on  a  certain  number  of  randomly 
selected  days.   This  report  describes  a  computer  program  for  random 
selection  of  sampling  days. 

The  program,  called  RECAL,  is  written  in  PL/I.   The  Appendix  of  this 
report  contains  a  complete  listing  of  RECAL.   This  program  is  designed  to 
accommodate  simple  random  sampling  in  which  all  days  are  treated  alike, 
stratified  random  sampling  in  which  high  use  days  and  low  use  days  are 
placed  in  different  strata,  or  factorial  designs.   The  program  can  produce; 

2/ 

1.  A  Gregorian  calendar  for  the  sampling  period  desired.— 

2.  A  schedule  of  sample  days  by  calendar  day,  day  of  the  week,  and  site 
location. 

3.  The  number  and  percentage  of  sample  days  allocated  to  each  location 
and  stratum. 


Program  Input 

To  use  RECAL,  two  decisions  must  be  made — the  length  of  sampling  period 
and  the  sampling  design.   The  sampling  period  can  be  as  long  or  short  as 
desired,  but  it  must  be  continuous. 


2/ 

—  The  construction  of  the  Gregorian  calendar  is  based  on  formulas 

given  by  H.  E.  Licks,  1917,  Recreations  in  mathematics.   D.  Van  Nostrand  Co., 

New  York,  155  p. 


In  selecting  the  sampling  design,  strata  and  sampling  intensity  must 
be  specified.   Recreation  use  in  RECAL  may  be  conveniently  divided  into 
two  strata:   stratum  A  (heavy  use  days)  and  stratum  B  (light  use  days) . 
A  simple  random  sampling  will  be  performed  within  each  stratum  according 
to  the  sampling  intensity  specified.   A  particular  day  chosen  for  sampling 
will  then  be  randomly  allocated  to  a  sampling  location. 

Control  Cards 

One  control  card  and  one  or  more  name  cards  are  required.   Each  data 
field  should  be  separated  by  one  or  more  blank  columns.   Table  1  shows  an 
example  of  the  input  cards  required. 

Field  Number  One  is  named  START.   It  specifies  the  beginning  of  the 
sampling  period  by  up  to  two-digit  codings  for  month  and  day  of  the  month, 
and  a  four-digit  coding  for  the  year,  in  that  order.   Each  is  separated 
from  the  others  by  either  a  comma  or  a  blank. 

Field  Number  Two,  named  END,  specifies  the  ending  date  of  the  sampling 
period.   It  is  coded  the  same  as  Field  Number  One. 

Field  Number  Three,  named  LOC,  specifies  the  total  number  of  sampling 
locations. 

Field  Number  Four,  named  LEVEL,  defines  the  stratum  or  the  level  of 
use  for  the  particular  day  of  the  week.   In  the  program,  the  first  day  of 
the  week  is  designated  as  Sunday  and  the  last  day  as  Saturday.   Users  should 
code  the  digit  0  to  designate  a  heavy  use  day  and  the  digit  1  a  light  use 
day.   Days  of  the  week  are  separated  by  commas  and  are  coded  in  order. 
When  simple  random  sampling  design  is  desired,  all  days  should  be  coded 
by  O's. 

Field  Number  Five,  named  MODEL,  specifies  the  particular  sampling 
design  to  be  used.   Code  1  for  simple  random  sampling,  2  for  stratified 
random  sampling,  and  3  for  factorial  design. 

Field  Number  Six  is  named  INTEN.   The  coding  of  this  field  depends  on 
the  particular  sampling  design: 

1.  Simple  random  sampling — To  indicate  the  sampling  intensity,  the 
user  may  choose  to  use  either  the  sample  size  or  the  percentage 

of  the  population  to  be  sampled.  For  example,  a  sampling  intensity 
of  20  percent  would  be  coded  in  INTEN  as  .20,  while  the  sample  size 
will  be  coded  as  an  integer. 

2.  Stratified  random  sampling — Coding  is  the  same  as  simple  random 
sampling. 

3.  Factorial  design — INTEN  is  coded  by  the  total  number  of  sample 
days  as  a  negative  integer  variable  (e.g.,  -20).      This  number 
should  be  divisable  by  the  number  of  sample  locations  since  an 
equal  number  of  observations  is  assumed  for  the  factorial  design. 


Field  Number  Seven  is  named  CALDR.   If  specified,  the  program  will 
produce  a  Gregorian  calendar  of  the  years  covering  the  sampling  period. 
Code  1  if  yes,  0  if  no. 

Field  Number  Eight  is  called  NAME.   If  specified,  the  program  will 
produce  a  listing  of  the  names  of  the  sampling  locations.   Code  1  if  yes 
and  0  if  no. 

Field  Number  Nine  is  called  HEAVY.   This  field  allows  the  user  to 
designate  other  known  heavy  use  days  (e. ^.,  national  holidays,  local 
festivals)  not  covered  by  Field  Number  Four.   If  no  heavy  use  days  occur 
during  the  specified  sampling  period,  the  user  should  code  the  field  0 
(zero) . 

Name  Cards 

For  inputing  names,  location  names  must  be  coded  in  quotation  marks 
and  separated  by  blanks  (table  1) .   The  name  cards  should  follow  the  control 
card. 

Heavy  Use  Cards 

The  specific  dates  of  expected  heavy  use  days  should  be  coded  on 
Heavy  Use  Cards  that  follow  the  Name  Card  in  the  input  stream  (table  1). 
Each  expected  heavy  use  day  is  coded  by  either  a  one-  or  two-digit  number 
for  the  month  and  for  the  day  of  the  month,  and  a  four-digit  number  for 
the  year,  in  that  order.   Two  or  more  heavy  use  days  are  separated  by 
blanks . 


Program  Output 

The  program  uses  a  random  number  generator  to  select  the  sample  days, 
and  randomly  allocates  these  days  to  different  locations.   An  example  of 
the  REGAL  program  output  is  shown  in  table  2. 

The  program  first  prints  out  a  summary  of  the  sampling  plan,  which 
verifies  the  input  specified  on  the  control  card.   In  this  example,  the  user 
has  chosen  a  stratified  random  sampling  with  a  period  starting  on 
November  29,  1979,  and  ending  on  January  30,  1980.   Stratum  A  defines  the 
heavy  use  days  and  stratum  B  defines  the  light  use  days.   The  number  of 
available  sampling  days  for  each  stratum  is  printed  and  each  stratum  will 
be  sampled  at  an  intensity  of  20  percent.    There  are  six  sampling  locations. 
Based  on  the  number  of  available  days  in  each  stratum,  4  heavy  use  days  and 
9  light  use  days  were  chosen.   Each  of  these  days  were  randomly  allocated 
to  one  of  the  six  locations. 

The  program  then  prints  out  a  sampling  schedule.   In  the  sampling 
schedule,  the  sample  days  are  listed  sequentially  by  calendar  date,  day 
of  the  week,  and  location.   Optionally,  the  name  of  the  location  can  be 
printed. 

Following  the  sampling  schedule,  a  printout  of  the  number  and  percentage 
of  sample  days  allocated  to  the  specified  locations  and  to  each  stratum  is  given. 


Table  1. — An  example  of  input  cards  for  RECAL 


Field 
Number 

Field 
Name 

Control  Card  Format 
Code                Explanation  of  Code 

START 
END 
LOC 
LEVEL 


11,29,1979 
1,30,1980 
6 
0,1,1,1,1,1,0 


5 

MODEL 

2 

6 

INTEN 

• 

7 

CALDR 

0 

8 

NAME 

1 

9 

HEAVY 

1 

20 


Starting  date  is  Nov.  29,  1979 

Ending  date  is  Jan.  30,  1980 

Six  sampling  locations 

Heavy  use  days  are  Sun.  and  Sat. 
Light  use  days  are  Mon. ,  Tues., 
Wed.,  Thurs.,  and  Fri. 

Stratified  random  sampling 

Sampling  intensity  is  20% 

No  calendar  printed 

Print  location  names 

One  heavy  use  day  specified 


11,29,1979    1,30,1980 


Control  Card  Image 
6    0,1,1,1,1,1,0    2 


20 


'Road  23' 


Name  Card  Images 

'Pine  Ridge'         'Tunnel  Ridge  Road' 
'Koomer  Ridge'        'Nada  Tunnel' 


'CCC  Camp' 


Heavy  Use  Card  Image 


12,25,1979 


Table  2. — An  example  of  RECAL  output 


*:!:***  A  A*  A**  A  A  *********  ********** 

*  SUMMARY  OF  SAMPLING  PLAN    * 

*  FOR  STRATIFIED  RANDOM  SAMPLE  * 
******************************** 

SAMPLING  PERIOD:   NOV  29  1979-JAN  30  1980 

DEFINITION  OF  STRATA 

STRATUM  A:   SUN  SAT 
STRATUM  B:   MON  TUE  WED  THU  FRI 
SAMPLING  INTENSITY:   20.00% 
NO.  OF  DAYS  IN  STRATUM  A:    19 
NO.  OF  DAYS  IN  STRATUM  B:    44 
NO.  OF  SAMPLING  LOCATIONS:   6 

*************************************************** 

*  SAMPLING  SCHEDULE  FOR  NOV  29  1979  -  JAN  30  1980  * 
*************************************************** 


DATE 

DAY 

LOCATION 

NOV 

29 

THU 

4 

CCC  CAMP 

DEC 

1 

SAT 

6 

NADA  TUNNEL 

DEC 

6 

THU 

4 

CCC  CAMP 

DEC 

20 

THU 

2 

PINE  RIDGE 

DEC 

22 

SAT 

5 

KOOMER  RIDGE 

DEC 

24 

MON 

6 

NADA  TUNNEL 

JAN 

2 

WED 

5 

KOOMER  RIDGE 

JAN 

4 

FRI 

6 

NADA  TUNNEL 

JAN 

10 

THU 

1 

ROAD  23 

JAN 

17 

THU 

1 

ROAD  23 

JAN 

20 

SUN 

1 

ROAD  23 

JAN 

26 

SAT 

3 

TUNNEL  RIDGE  ROAD 

JAN 

29 

TUE 

6 

NADA  TUNNEL 

*********************************** 

*  SAMPLING  ALLOCATION  BY  LOCATION  * 
*********************************** 

LOCATION   SAMPLE  SIZE   PERCENTAGE 


1 
2 
3 
4 
5 
6 
********************************** 

*  SAMPLING  ALLOCATION  BY  STRATUM  * 
********************************** 

STRATUM    SAMPLE  SIZE   PERCENTAGE 

A  4         6.35% 

B  9        14.29% 


3 

23.08% 

1 

7.69% 

1 

7.69% 

2 

15.38% 

2 

15.38% 

4 

30.77% 

APPENDIX 
Listing  of  Source  Deck 


ISAMPLE: PROCEDURE  OPTIONS (MAIN) ; 
DCL  NAMES (ISITE)  CHAR(20)  CONTROLLED; 
DCL  DAYS(HVY,3)  FIXED  BIN  CONTROLLED; 
DCL  (RAN, RATE, RAM)  FLOAT  BIN(31); 
DCL  SEED  FLOAT (16); 

DCL  (START(3),END(3),TEST,T,ISITE,DET(7),SDAY(2),OPTIONl,OPTION2, 
ST0P(4),M,N,K,CURRENT_DAY,NN, TOTAL, IDAY(2),OPTION3,HVY, FLAG, 
I,J,CURRENT_MO,CURRENT_YR  WK)  FIXED  BIN  (31); 
DCL  M0(12)  FIXED  BIN(31)  INIT(31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31) ; 
DCL  FWD(12)  FIXED  BIN(31)  INIT(365, 334, 306, 275, 245, 214 

,184,153,122,92,61,31); 
DCL  BWD(12)  FIXED  BIN(31)  INIT(0, 31, 59, 90, 120, 151, 181, 

212,243,273,304,334); 
DCL  DAY(7)  CHARACTER(3)  INIT  ('SUN' , 'MON' , 'TUE' , 'WED' , 'THU' , 'FRI' , 

'SAT'); 
DCL  M0NTH(12)  CHARACTER(3)  INIT  (' JAN' , 'FEB ' , 'MAR' , 'APR' , 'MAY' , ' JUN' , 

'  JUL' , 'AUG' , 'SEP' , 'OCT' , 'NOV  , 'DEC  ) ; 
DCL  (WEEKEND , WEEKDAY ) FLOAT ( 6 ) ; 
DCL   (FIXED, MOD, SUM, PROD, ABS)  BUILTIN; 
DCL    LEAP  ENTRY (FIXED  BIN(31) , FIXED  BIN(31)); 
DCL  WEEK  ENTRY(FIXED  BIN(31) , FIXED  BIN(31) , FIXED  BIN(31)); 
DCL  RANDM  ENTRY (FLOAT (16) ,FIXED  BIN (31 ), FLOAT  BIN(31)); 
GET  LIST (START, END, ISITE, DET,0PTI0N3, RATE, 0PTI0N1,0PTI0N2,HVY); 
IF  HVY  >  0  THEN  DO;  ALLOCATE  DAYS; 

GET  SKIP  LIST (DAYS); 
END; 
ALLOCATE  NAMES; 
IF  0PTI0N2=1  THEN  DO; 

GET  SKIP  LIST (NAMES); 
END; 
ELSE  NAMES="; 
IF  ((START(3)>END(3))| (START(3)=END(3)&START(1)>END(1))  | 
(START (3 )=END ( 3 ) &START ( 1 ) =END ( 1 ) &START (2 ) >END (2 ) ) ) 

THEN  DO;  PUT  LIST ( 'STARTING  DATE  IS  GREATER  THAN  ENDING 

DATE,  JOB  ABORTED');  STOP;  END; 
MO(2)=29;  RAM=1.; 

IF(START(1)>12  I  START (2) >M0 (START (1))   | 
END(1)>12  I  END(2)>M0(END(1)))  THEN 

DO;  PUT  LIST  ('ERROR  IN  THE  DATES  SPECIFIED,  JOB  ABORTED'); 
STOP;  END; 
IF  ISITE<1  THEN  DO; 

PUT  LIST  ('NOT  ENOUGH  LOCATION,  JOB  ABORTED'); 
STOP;  END; 
IF  SUM(DET)>7  THEN  DO; 

PUT  LIST  ('ERROR  IN  THE  LEVEL  SPECIFIED,  JOB  ABORTED'); 
STOP;  END; 
IF  0PTI0N3=1  THEN  IF  (  SUM(DET)-i=0)  THEN  DO; 

PUT  LISTC  ERROR  IN  THE  LEVEL  SPECIFIED;  JOB  ABORTED'); 
STOP;  END; 
IF  (OPTION3=3  &  MOD  (RATE,  ISITE)-»=0)  THEN  DO; 

PUT  LISTC  ERROR  IN  THE  INTENSITY  SPECIFIED;  JOB  ABORTED'); 
STOP;  END; 
IF  OPTION1=0  THEN  GO  TO  SA; 
PUT   EDIT((100)'*')(PAGE,A); 


FEBRUARY', 
MAY', 
AUGUST', 
NOVEMBER', 

S  M  T  W   T   F   S', 


DO  1=1  TO  END (3) -START (3 )+l; 
PUT  SKIP(IO); 

PUT  EDIT  (START (3)+I-l)  (COL(34) ,F(4) ) ; 
DO  J=l  TO  4; 
PUT  SKIP(3); 
SELECT; 
WHEN(J=1)  PUT  LISTC        JANUARY 

MARCH'); 
WHEN(J=2)  PUT  LISTC        APRIL 

JUNE'); 
WHEN(J=3)  PUT  LISTC        JULY 

SEPTEMBER');  ' 

WHEN(J=4)  PUT  LISTC        OCTOBER 
DECEMBER'); 
END; 
PUT  SKIP  LISTC   S   M  T   W  T   F   S 

S  M  T  W  T  F   S'); 
CALL  LEAP (START (3)+I-l,T); 
PUT  SKIP; 
DO  M=l  TO  3; 
IF  M+3*(J-1)>2  THEN  CALL  WEEK(START(3)+I-1,BWD (M+3*(J-1 ) )+T+l,WK) ; 

ELSE  CALL  WEEK (START (3 )+I-l, BWD (M+3*(J-1) )+l,WK) ; 
IF  WK=0  THEN  WK=WK+7; 
ST0P(M)=8-WK; 
DO  N=l  TO  STOP(M); 

PUT  SKIP(O)  EDIT(N)(X((M-1)*25+(WK-1)*3+(N-I)*3),F(3));  END; 
END; 

IF  T-=0  THEN  MO(2)=29;  ELSE  MO(2)=28; 
DO  K=l  TO  5; 
PUT  SKIP; 
DO  M=l  TO  3; 
ST0P(M)=ST0P(M)+7;  NN=0; 
IF  ST0P(M)<M0(M+3*(J-1))  THEN  DO;  DO  N=ST0P(M)-6  TO  STOP(M); 

PUT  SKIP(O)  EDIT(N)(COL(H-(M-l)*25+NN*3) 
,F(3));  NN=NN+1;   END;  END; 
ELSE  IF  STOP(M)-6<=MO(M+3*(J-l)) 

THEN  DO;  DO  N=ST0P(M)-6  TO  MO (M+3*(J-1 ) ) ; 

PUT  SKIP(O)  EDIT(N)(COL(l+(M-l)*25+NN*3) 
,F(3));  NN=NN+1;   END;  END; 
END; 
END; 
END; 
END; 
SA:  MO(2)=28; 

TOTAL=(END(3)-START(3)+l)*366; 
BEGIN; 
DCL  (SAMPLE_DAY(2,TOTAL,7),SITE(ISITE))  FIXED  BIN  (31); 
IF  START(1)<=2  THEN  TOTAL=BWD (START(l) )+START(2) ; 
ELSE  DO;  CALL  LEAP(START (3) ,T) ; 

TOTAL=BWD (START ( 1 ) )+START (2)+T ; 
END; 
CALL  WEEK (START (3), TOTAL, WK); 
IF  WK=0  THEN  WK=WK+7; 
CURRENT  DAY=START(2);  CURRENT  M0=START(1);  CURRENT_YR=START(3) ; 


IDAY=1;  TOTAL=0;  SAMPLE_DAY(*, *, 6)=0; 

DO  WHILE  ((CURRENT  YR<END(3))  1  ((CURRENT  YR=END(3)) 


(CURRENT_MO<END ( 1 ) ) ) 
(CURRENT_M0=END(1))  & 
TOTAL =T0TAL+1 ; 

FLAG=0; 

IF  HVY=0 


((CURRENT_YR=END(3))  & 
(CURRENT  DAY<=END(2)))); 


THEN  GO  TO  NOR; 
ELSE  DO; 

DO  1=1  TO  HVY; 

IF  CURRENT_YR=DAYS(I,3)  &  CURRENT_MO=DAYS (I , 1 ) 
&  CURRENT_DAY=DAYS(I,2)  THEN  DO; 
FLAG=1 ; 
SAMPLE_DAY ( 1 , IDAY ( 1 ) , 1 ) =CURRENT_MO ; 
S AMPLE_DAY ( 1 , IDAY ( 1 ) , 2 ) =CURRENT_DAY ; 
S AMFLE_DAY ( 1 , IDAY ( 1 ) , 3 ) =CURRENT_YR ; 
SAI4PLE_DAY  ( 1 ,  IDAY  ( 1 ) ,  4 )  =WK ; 
S AMPLE_DAY ( 1 , IDAY ( 1 ) , 7 ) =TOTAL ; 
IDAY(1)=IDAY(1)+1;  WK=WK+1 ; 
GO  TO  NOR; 
END; 
END ; 
END; 
NOR:  IF  FLAG -1=1  THEN  DO; 

SAMPLE_DAY (DET (WK)+1 , IDAY (DET (WK)+1 ) , 1 ) =CURRENT_MO ; 
SAMPLE_DAY (DET (WK)+I , IDAY (DET (WK)+1 ) , 2 ) =CURRENT_DAY ; 
SAMPLE_DAY (DET (WK)+1 , IDAY (DET (WK) +1 ) , 3 ) =CURRENT_YR ; 
SAMPLE__DAY  (DET  (WK)  +  1 ,  IDAY  (DET  (WK)  +  1 ) ,  4)  =WK; 
SAMPLE_DAY (DET (WK)+1 , IDAY (DET (WK)+1 ) , 7 ) =TOTAL ; 
IDAY (DET (WK)+1)=IDAY (DET (WK)+1)+1;  WK=WK+1; 
END; 

IF  WK>7  THEN  WK=1; 
CALL  LEAP(CURRENT__YR,T); 
IF  T=l  THEN  MO (2) =29; 
ELSE  MO(2)=28; 
CURRENT_DAY=CURRENT_DAY+1 ; 
IF  CURRENT_DAY>MO(CURRENT_MO)  THEN  DO; 

CURRENT_DAY=1; 
CURRENT_M0=CURRENT_M0+1 ; 
IF  CURRENT_M0>12  THEN  DO; 
CURRENT_M0=1 ; 
CURRENT_YR=CURRENT_YR+1 ; 
•  END; 

END; 


END; 
IDAY=IDAY-1 ; 
IF  OPTION3=2 


SITE=0; 
THEN  DO; 


IF  RATE>1  THEN 

SDAY=RATE /TOTAL *IDAY+. 5 ; 
ELSE  SDAY=RATE*IDAY+. 5 ; 
END; 
IF  0PTI0N3=1  THEN  DO;  IF  RATE<1  THEN  J=RATE*TOTAL+. 5; 

ELSE  J=RATE; 
END; 
SDAY=RATE/2; 
I  SDAY(2)>IDAY(2))  THEN  DO; 


IF  OPTION3=3  THEN 
IF(SDAY(1)>IDAY(1) 


PUT  LISTC  MAXIMUM  NO.  OF  SAMPLE  DAYS  EXCEEDED,  JOB  ABORTED'); 
STOP; 
END; 
SEED=2* (START (3 ) *1 000+START (2 ) *1 00+START ( 1 ) *1 0)+l 1 ; 
IF  0PTI0N3=1  THEN  DO; 

SDAY=0; 
DO  1=1  TO  J; 
RB:  CALL  RANDM ( SEED, 1 , RAN) ; 

IF  RAN>IDAY(1)*RAM/T0TAL  THEN  N=2 ;  ELSE  N=l; 

CALL  RANDM(SEED,1,RAN); 

K=RAN*IDAY(N)+I; 

IF  SAMPLE_DAY(N,K,6)=1  THEN  GO  TO  RB; 

ELSE  SAMPLE_DAY(N,K,6)=1; 
CALL  RANDM (SEED, 1, RAN); 
SDAY(N)=SDAY(N)+1; 
SAMPLE_DAY(N,K,5)=ISITE*RAN+1. ; 
DO  M=l  TO  ISITE; 
IF  SAMPLE_DAY(N,K,5)=M  THEN 

SITE(M)=SITE(M)+1; 
END; 
END; 
END; 
ELSE  DO; 
DO  1=1  TO  2; 
DO  J=l  TO  SDAY(I); 
RArCALL  RANDM(SEED, 1 ,RAN) ; 
K=RAN*IDAY(I)+1; 

IF  SAMPLE_DAY(I,K,6)=1  THEN  GO  TO  RA;  ELSE  SAMPLE_DAY(I,K, 6)=1 ; 
IF  OPTION3=3  THEN  SAMPLE_DAY(I ,K, 5)=M0D (J+(I-1 )*SDAY(1 ) , ISITE)+1 ; 

ELSE  DO; 
CALL  RANDM (SEED, 1, RAN); 
SAMPLE_DAY (I ,K, 5)=ISITE*RAN+1 ; 
END; 
DO  M=l  TO  ISITE; 

IF  SAMPLE_DAY(I,K,5)=M  THEN  SITE(M)=SITE (M)+l ; 
END; 
END; 
END; 
END; 

PUT  SKIP  EDIT((3A)'*')(PAGE,X(1A),A); 
PUT  SKIP  EDIT('*','*')(X(14),A,X(32),A); 


SUMMARY  OF  SAMPLING  PLAN 


PUT  SKIP  LISTC 
IF  0PTI0N3=1  THEN 
PUT  SKIP  LISTC 
IF  OPTION3=2  THEN 
PUT  SKIP  LISTC 
IF  OPTION3=3  THEN 
PUT  SKIP  LISTC  * 

PUT  SKIP  EDITC*','*')(X(14),A,X(32),A); 
PUT  SKIP  EDIT((34)'*')(X(14),A); 

PUT  SKIP(5)  EDITC   SAMPLING  PERIOD;  '  ,M0NTH(START(1 ))  ,START(2)  , 
START(3 ),'-', MONTH (END (1)), END (2),END (3)) 
(COL(16),A,A(3),F(3),F(5),A,A(3),F(3),F(5)); 
PUT  SKIP (2)  C  DEFINTION  OF  STRATA'); 


FOR  SIMPLE  RANDOM  SAMPLE 


*   FOR  STRATIFIED  RANDOM  SAMPLE 


FOR  FACTORIAL  DESIGN 


*') 
*') 


*'  ) 
*' ) 
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PUT  SKIP(2)  EDIT  ('STRATUM  A: ' ) (COL(27) ,A) ; 

K=0; 

DO  1=1  TO  7; 

IF  DET(I)=0  THEN  DO;  PUT  EDIT (DAY(I) ) (COL (38+K*4) ,A(3) ) ; 

K=K+1; 
END; 
END; 

PUT  SKIP(2)  EDIT  ('STRATUM  B: ' ) (COL(27) ,A) ; 
K=0; 
DO  I  =  1  TO  7; 

IF  DET(I)=1  THEN  DO;  PUT  EDIT(DAY (I ) ) (COL (38+K*4) ,A(3) ) ; 

K=K+1 ; 
END; 
END; 
IF  RATE>1  THEN 

PUT  SKIP(2)  EDITC   SAMPLING  INTENSITY:', 
RATE*100. /TOTAL, '%') 
(COL(25),A,F(6,2),A); 
ELSE 
PUT  SKIP(2)  EDITC   SAMPLING  INTENSITY:  '  ,RATE*100.  ,'%' ) 
(COL(25),A,F(6,2),A); 
PUT  SKIP(2)EDIT('   NO.  OF  DAYS  IN  STRATUM  A: ' , IDAY(1 ) ) (COL (25) ,A,F(5) ) 
PUT  SKIP(2)EDIT('   NO.  OF  DAYS  IN  STRATUM  B: ' ,IDAY(2) ) (COL(25) ,A,F(5) ) 
PUT  SKIP(2)EDIT('   NO.  OF  SAMPLING  LOCATIONS: ' ,ISITE) (COL (25) , A, F(3) ) 
PUT  PAGE  EDIT  ( (53) '*' ) (X(14) ,A) ; 
PUT  SKIP  EDIT('*','*')(X(14),A,X(51),A); 

PUT  SKIP  EDITC*   SAMPLING  SCHEDULE  FOR' ,MONTH(START  (1 ) ) ,  START(2) , 
START(3),'  -  ',MONTH(END(l)),END(2),END(3),'*') 
(COL(15),A,X(l),A(3),F(3),F(5),A,A(3),F(3),F(5),X(2),A); 
PUT  SKIP  EDIT('*','*')(X(14),A,X(51),A); 
PUT  SKIP  EDIT((53)'*')(X(14),A); 
IF  OPTION2=0  THEN  PUT  SKIP (5)  EDIT ('DATE      DAY     LOCATION') 

(C0L(18),A); 
ELSE  PUT  SKIP(5)EDIT('DATE      DAY  LOCATION') 

(C0L(18),A); 
PUT  SKIP  EDIT((45)'-')(X(14),A); 
PUT  SKIP(2); 
DO  1=1  TO  TOTAL; 
DO  J=l  TO  2; 

DO  K=  1  TO  IDAY(J); 

IF  SAMPLE_DAY(J,K,7)>I  THEN  GO  TO  IJ; 
IF  SAMPLE_DAY(J,K, 7)=I  &  SAMPLE_DAY(J,K, 6)=1 

THEN  DO; 
PUT  SKIP(l); 

PUT  EDIT (MONTH (SAMPLE_DAY ( J , K , 1 ) ) , 
SAMPLE_DAY(J,K,2), 
DAY (SAMPLE_DAY ( J , K, 4) ) , 
SAMPLE_DAY(J,K,5), 
NAMES  (SA1'IPLE_DAY  (  J,  K,  5 ) )  ) 
(COL(16),A(5),F(2),X(5),A(8),F(3),X(3),A(20)); 
GO  TO  KK; 
END; 
END; 
IJ:END; 
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KK:END; 
PUT  PAGE  EDIT((37)'*')(X(14),A); 
PUT  SKIP  EDIT('*','*')(X(14),A,X(35),A); 

PUT  SKIP  LISTC  *   SAMPLING  ALLOCATION  BY  LOCATION   *'); 

PUT  SKIP  EDIT('*','*')(X(14),A,X(35),A); 
PUT  SKIP  EDIT((37)'*')(X(14),A); 

PUT  SKIP(5)  EDIT  ('   LOCATION   SAMPLE  SIZE   PERCENTAGE') 
(C0L(14)  A); 
PUT  SKIP  EDIT((36)'-')(X(14),A); 
DO  1=1  TO  ISITE; 
PUT  SKIP(2)  EDIT(I,SITE(I),SITE(I)*100.*RAM/SUM(SDAY),'%') 

(COL(17),F(3),F(12X,F(13,2),A); 
END; 

PUT  PAGE  EDIT  ( (36) '*' ) (X(14) ,A) ; 
PUT  SKIP  EDIT  ('*','*')(X(14),A,X(34),A); 
PUT  SKIP  LISTC  *   SAMPLING  ALLOCATION  BY  STRATUM   *'); 

PUT  SKIP  EDIT('*','*')(X(14),A,X(34),A); 
PUT  SKIP  EDIT((36)'*')(X(14),A); 
PUT  SKIP (5)  EDIT  ('STRATUM    SAMPLE  SIZE   PERCENTAGE') 

(C0L(16),A); 
PUT  SKIP  EDIT((36)'-') (X(14),A); 
PUT  SKIP(2)  EDITC    A' ,  SDAY(l)  ,SDAY(1)*100.*RAM/TOTAL,  '  %' ) 

(COL(16),A,F(12),F(13,2),A); 
PUT  SKIP(2)  EDITC    B' ,  SDAY(2)  ,SDAY(2)*100.*RAM/TOTAL, '%' ) 

(COL(16),A,F(I2),F(13,2),A); 
END; 

END  ISAMPLE; 
*PROCESS,A,X,AG,FLOW; 
LEAP: PROCEDURE (TEST, N)  ; 
DCL  (TEST,  N)  FIXED  BIN(31); 
IF  MOD(TEST,4)-»=0  THEN   N=0; 

ELSE  IF(MOD(TEST,100)=0  &  MOD  (TEST,  400  )-i=0) 
THEN  N=0; 
ELSE  N=l; 
RETURN; 
END  LEAP; 
*PROCESS,A,X,AG,FLOW; 
WEEK: PROCEDURE (X,Y,Z)  ; 
DCL  (X,Y)  FIXED  BIN(31),Z  FIXED  BIN  (31); 
Z=MOD((X+Y+FIXED((X-l)/4)-FIXED((X-l)/100)+FIXED((X-l)/400)),7); 
RETURN ; 
END  WEEK; 
*PROCESS,A,X,AG,FLOW; 
RANDM : PROCEDURE (DSEED,N,R) ; 
DCL  (N,I)FIXED  BIN(31),R  FLOAT  BIN(31); 
DCL  (DSEED,D2P31M,D2P31)  FL0AT(16); 

(NOFIXEDOVERFLOW) :  D2P31M=2147483647. ;  D2P31=2147483648. ; 
DSEED=MOD(16807.*DSEED,D2P31M) ;  R=DSEED/D2P31 ;   RETURN; 
END  RANDM: 


I 
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The  Forest  Service,  U.S.  De- 
partment of  Agriculture,  is  dedi- 
cated to  the  principle  of  multiple 
use  management  of  the  Nation's 
forest  resources  for  sustained 
yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through 
forestry  research,  cooperation 
with  the  States  and  private  forest 
owners,  and  management  of  the 
National  Forests  and  National 
Grasslands,  it  strives — as  di- 
rected by  Congress — to  provide 
increasingly  greater  service  to  a 
growing  Nation. 


USDA  policy  does  not  permit  discrimination  because  of 
race,  color,  national  origin,  sex  or  religion.  Any  person 
who  believes  he  or  she  has  been  discriminated  against  in 
any  USDA-related  activity  should  write  immediately  to 
the  Secretary  of  Agriculture,  Washington,  D.C.  20250. 
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ABSTRACT.— Reports  results  of  laboratory  screenings  and  field  studies  of  insecticides  for 
use  against  the  southern  pine  beetle.  Preventive  as  well  as  remedial  efficacy  were 
observed,  along  with  phytotoxicity  to  pine  and  understory  hardwood  species,  effects  of 
insecticides  on  soU  microbial  and  mesofaunal  populations,  and  degradation  of  insecticides 
by  selected  soil  microbes. 
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PREFACE 

In  1974  the  U.S.  Department  of  Agriculture  initiated  the  Combined  Forest  Pest  Research  and  Development  Program,  an 
interagency  effort  that  concentrated  on  the  Douglas-fir  tussock  moth  in  the  West,  on  the  gypsy  moth  in  the  Northeast,  an( 
on  the  southern  pine  beetle  in  the  South.  The  work  reported  in  this  publication  was  funded  in  whole  or  in  part  by  the  Ex 
panded  Southern  Pine  Beetle  Research  and  AppHcation  Program. 

Within  the  Program,  a  toxicants  working  group  was  one  of  seven  such  ad  hoc  groups  organized.  Each  working  group  con 
sisted  of  a  subject  area  coordinator  and  the  funded  investigators  working  on  projects  directly  related  to  the  subject  area.  Th(i 
groups  interacted  as  needed  to  discuss  approaches,  share  results,  and  review  progress. 

This  publication  reports  on  insecticide  research  undertaken  by  projects  in  the  toxicants  working  group  between  1974  anc. 
October  1980.  It  is  intended  as  a  compendium  of  such  research.  Techniques  and  results  reported  should  be  useful  to  future 
research  on  chemical  control  of  pine  bark  beetles. 

Investigators  who  have  contributed  to  this  report  are: 

C.  W.  Berisford  and  U.  E.  Brady.  Department  of  Entomology,  University  of  Georgia,  Athens,  Georgia. 

G.  E.  Fitzpatrick,  J.  H.  Lashomb,  R.  F.  Mizell  III,  and  W.  W.  Neel.  Department  of  Entomology,  Mississippi  Agriv 

cultural  and  Forestry  Experiment  Station,  Mississippi  State  University,  Mississippi  State,  Mississippi. 
F.  L.  Hastings,  A.  S.  Jones,  and  C.  K.  Franklin.  USDA  Forest  Service,  Southeastern  Forest  Experiment  Station, 

Research  Triangle  Park,  North  Carolina. 
I.  R.  Ragenovich.  USDA  Forest  Service,  Southwestern  Region,  Albuquerque,  New  Mexico. 


INTRODUCTION 

Outbreaks  of  southern  pine  beetle  (SPB), Dendroctofuis 
frontalis  Zimmerman,  occur  almost  every  year  somewhere 
in  the  Southern  and  Southeastern  United  States.  Althougli 
direct  chemical  control  of  SPB  is  often  impractical,  such 
control  is  appropriate  in  some  instances.  This  is  particu- 
larly true  for  high-value  trees  of  parks,  yards,  campgrounds, 
seed  orchards,  and  other  special-use  forest  areas. 

At  the  beginning  of  the  Expanded  Southern  Pine 
Beetle  Research  and  Application  Program,  only  benzene 
hexachloride  and  its  gamma  isomer,  lindane,  were  regis- 
tered for  the  control  of  SPB.  Because  of  possible  environ- 
mental and  human  safety  considerations,  their  continued 
availabUity  for  insect  control  was  under  question.  An  objec- 
tive of  the  Southern  Pine  Beetle  Program  was,  therefore,  to 
register  two  additional  insecticides  for  use  against  SPB. 

The  strategy  of  the  first  field  season  was  to  test  an 
insecticide  that  had  sliown  potential  against  western  bark 
beetles.  Concurrently,  an  extensive  screening  program  be- 
gan to  identify  compounds  that  were  highly  toxic  to  tlie 


SPB,  low  in  mammahan  toxicity,  and  environmentallili 
acceptable.  Based  on  the  screening  tests,  field  tests  for  ddtj 
termining  preventive  and  remedial  efficacy  were  estabw 
Ushed  in  Louisiana,  Mississippi,  Georgia,  and  North  Care  ■ 
lina.  Remedial  appHcations  were  against  established  SP  ; 
broods  in  previously  attacked  trees,  wliile  preventive  ap  • 
plications  were  on  unattacked  pines. 

Other  studies  included:  the  dissipation  of  spray  res  • 
dues  from  pine  bark  with  and  without  adjuvants,  the  dep(  - 
sition  of  insecticidal  sprays  on  pine  bark  with  convei^j 
tional  and  antidrift  systems;  the  development  of  a  tec!  •' 
nique  for  assessing  preventive  efficacy;  the  assessment  c 
insecticidal  impacts  on  forest  soil  microbial  and  mesofauniil 
populations;  the  degradation  of  insecticides  by  selecteii 
soil  microbes;  the  phytotoxicity  of  insecticides  toward  tw^ 
pine  species  and  understory  flora;  the  assessment  of  partial 
tree-bole  sprays  for  preventing  SPB  attack. 

Some  of  the  studies  did  not  produce  results  that  can  b 
apphed  in  SPB  control,  but  these  are  included  so  thai 
future  researchers  might  benefit  from  them. 


SCREENING  TESTS 


F.  L.  Hastings,  A.  S.  Jones,  C.  K.  Franklin 


TOPICAL  TESTS 
PROCEDURES 

Test  insects  were  obtained  from  infested  bark  of  lob- 
lolly pine,  Pinus  taeda  L.,  growing  in  tiie  North  Carolina 
Piedmont.  Beetles  were  collected  with  Ught  traps  beneath 
0.74  m^  fiberboard  drums  containing  the  infested  bark. 
Conditions  in  the  emergence  cliambers  were  maintained  at 
26°  ±  2°C  and  >  90  percent  relative  humidity  (RH).  All 
compounds  were  fresldy  prepared  in  reagent-grade  acetone 
at  concentrations  expressed  by  weight.  Each  was  applied 
topically  as  a  0.25-;ul  droplet  to  the  thorax  of  aduh  beetles 
with  a  Burkard  Arnold  Microapphcator  and  30-gage 
needle.  Beetles  were  treated  witliin  4  hours  of  emergence, 
placed  in  a  mixture  of  freslily  ground  pldoem  and  bark,  and 
held  at  20°  ±  TC  and  100  percent  RH.  Control  insects 
were  treated  with  acetone  only  and  held  under  similar  con- 
ditions. Each  experiment  was  replicated  from  three  to  eight 
times  on  different  days,  and  5  to  1 1  concentrations  of  each 
insecticide  were  tested.  In  calculating  mortality  after  48 
hours,  moribund  insects  were  considered  dead.  Dosage- 
mortahty  regression  curves  were  computed  by  standard 
methods  (Daum  1970).  Relative  potency  was  calculated 
based  on  lindane  toxicity. 

RESULTS 


When  the  holding  chambers  were  evaluated,  more  than 
,90  percent  of  untreated  aduh  beetles  survived  through  72 
liours.  In  the  experiments,  survival  of  the  acetone-treated 
ansects  at  48  hours  always  exceeded  90  percent. 

Table  1  shows  the  topical  lethal  dose  (LD)  values.  The 
post  toxic  compound,  the  synthetic  pyrethroid  (per- 
methrin),  was  14  times  as  toxic  as  lindane  at  all  LD  values. 
^The  next  best,  the  organophosphate  chlorpyrifos-methyl, 
ivas  10  times  more  toxic  than  the  standard  lindane.  Seven- 
teen insecticides  were  more  toxic  than  hndane  toward  this 
|nsect  at  LD50.  These  results  indicate  that  several  insecti- 
fides  might  be  effective  replacements  for  hndane  and  BHC 
igainst  the  SPB. 

A  number  of  these  17  compounds  were  not  further 
ested  for  the  following  reasons:  (1)  The  LD90  values  of 
nethomyl  and  aminocarb  are  much  higher  than  that  of 
lindane.  (2)  Carbofuran  is  too  toxic  to  mammals.  (3)  Dia- 
inon  does  not  persist  long  enough  on  the  bark  to  be 
ffective  (Brady  and  Berisford  1977).  (4)  Stirofos  will  not 
le  manufactured  for  field  use.  The  compounds  tested  are 
isted  in  the  bolt  bioassay  section. 

In  two  instances  where  the  phosphorylalkoxy  substi- 
ution  was  compared,  (O.O-dimethyl  vs.  0,0-diethyl),  the 
?,0-dimethyl    substitution    resuUed    in    good    selectivity 


ratios,  LD50  rat:LD5o  insect  (Kenaga  and  End  1974). 
Selectivity  ratios  for  pirimiphos-methyl  and  pirimiphos- 
ethyl  were  229  vs.  16,  while  for  chlorpyrifos-methyl  and 
chlorpyrifos,  ratios  were  278  vs.  16. 

BOLT  BIOASSAYS 

PROCEDURES 

The  1 2  insecticides  that  were  bioassayed  for  contact 
toxicity  to  SPB  included  one  synthetic  pyrethroid  (per- 
methrin),  10  organophosphates  (chlorpyrifos,  chlor- 
pyrifos-methyl, etrimphos,  fenitrothion,  phosmet,  pirimi- 
phos-ethyl,  pirimiphos-methyl,  carbophenothion,  naied, 
dicrotophos)  and  one  chorinated  hydrocarbon  (lindane). 
All  compounds  were  formulated  as  emulsifiable  concen- 
trates (EC).  A  microencapsulated  formulation  of  phosmet 
(encap)  was  also  tested. 

We  selected  trees  for  the  bioassay  from  active  SPB 
spots  around  the  Research  Triangle  Park  area  in  central 
North  Carolina.  They  were  loblolly  pine  and  shortleaf  pine, 
P.  echinata  Mih.,  15  to  30.5  cm  d.b.h.  with  indications  of 
heavy  attack  over  most  of  the  length  of  the  trunk.  We  chose 
only  trees  in  which  the  majority  of  beetles  were  late  instar 
larvae  or  pupae.  Field  crews  felled  and  cut  suitable  trees 
into  0.5-m  bolts  and  numbered  them  consecutively,  begin- 
ning at  the  base  of  the  trunk.  A  sequential  sampling  tech- 
nique using  a  5-cm  section  from  each  end  of  each  bolt  pro- 
vided an  X-ray  estimate  of  beetle  density  (larvae,  pupae, 
and  adults). 

Four  treatments— 2,  1,  0.5,  and  0.25  percent  con- 
centrations of  the  test  insecticides— were  randomly  assigned 
to  the  bolts.  Untreated  bolts  served  as  controls.  Lindane  at 
0.5  percent  (the  registered  dosage)  served  as  a  standard  for 
comparison  of  efficacy. 

Freshly  prepared  aqueous  insecticide  solutions  con- 
taining 2.0  percent  (w/v)  active  ingredient  were  appUed  to 
the  bolts  with  a  Kinkelder®  low-volume  sprayer  cahbrated 
to  wet  a  bolt  just  to  runoff  in  40  seconds.  To  provide  uni- 
form spray  coverage,  the  bolts  were  rotated  on  a  turntable 
during  the  apphcation.  The  concentration  range  was  ob- 
tained by  spraying  the  bolts  for  40,  20,  10,  and  5  seconds 
to  give  2,  1,  0.5,  and  0.25  percent  concentrations,  respec- 
tively. 

The  sprayed  bolts  were  enclosed  in  cyhndrical  cages 
made  of  No.  32  mesh  Saran®  screen  and  hung  on  frames 
under  a  mature  loblolly  canopy  to  simulate  field  condi- 
tions. Emerging  beetles  were  collected  daily  from  each  bolt 
and  the  number  of  dead  and  live  beetles  recorded.  Each 
Tuesday  and  Wednesday,  the  live  beetles  were  held  in  the 
laboratory  for  48  hours  and  any  additional  mortality  was 
recorded.  The  purpose  was  to  assess  whether  these  live 
beetles  represented  a  threat  of  further  attack. 


The  experimental  design  for  the  remedial  bioassay  was 
a  completely  randomized  design  with  42  treatments.  A  gen- 
eral least  squares  analysis  was  done  for  each  of  the  follow- 
ing response  variables:  (1)  percent  mortality  in  the  sub- 
sample  of  beetles  held  for  48  hours  after  emergence; 
(2)  percent  mortality  of  emerging  beetles,  corrected  for  48 
hours  mortality;  and   (3)  percent  mortality  in  the  bolt. 

Duncan's  multiple  range  test  was  applied  to  all 
response  variables  showing  significance  in  the  least  squares 
analysis  to  rank  differences  among  the  treatments.  In  addi- 
tion, the  relationship  between  the  X-ray  estimate  of  num- 
ber of  beetles  in  the  bolts  and  the  number  that  actually 
emerged  was  examined,  and  a  linear  regression  fitted:  total 
emerged  beetles  =  a  +  b  (X-ray  estimate  of  number  of 
beetles). 

RESULTS 

Table  2  presents  the  results  of  the  least  squares  analy- 
sis. The  differences  between  treatments  were  highly  sig- 
nificant for  percent  mortality  in  the  subsamples  held  in  the 
laboratory  for  48  hours  after  collection  (PerDed-48).  This 
result  confirmed  the  importance  of  assessing  the  longevity 
of  beetles  emerging  from  treated  bolts.  Duncan's  multiple 
range  test  was  performed  to  compare  treatments  (table  3). 
iMortality  ranged  from  100  percent  for  2  percent  chlor- 
pyrifos-methyl  to  4  percent  for  0.25  percent  carbopheno- 
thion.  The  formulation  of  phosmet  (EC)  was  not  signifi- 


cantly different  from  the  control  at  any  concentratioi 
while  all  four  concentrations  of  chlorpyrifos-methyl,  chlo 
pyrifos,  and  permethrin  were  significantly  different.  Th 
permethrin  concentrations  were  inadvertently  cut  in  hal 
therefore,  the  concentrations  were  1,  0.5,  0.25,  and  0.12 
percent.  In  comparison  with  the  standard  (0.5  percer 
lindane),  three  treatments  1  percent  and  2  percent  chlo:: 
pyrifos-methyl  and  2  percent  chlorpyrifos-had  signif 
cantly  higlier  mortality  after  48  hours. 

We  calculated  the  percentage  mortality  of  beetles  i 
the  bolt  (PerDedBo)  as  follows:  the  number  of  beetles  i 
the  X-ray  estimate  minus  the  total  number  of  beetles  whic 
emerged  was  divided  by  the  X-ray  estimate  of  number  c 
beetles  in  the  bolt.  The  least  squares  analysis  of  this  varr 
able  showed  no  significant  treatment  differences.  Duncan' 
multiple  range  test  indicated  that  only  2  percent  chloi 
pyrifos-methyl   was   significantly  different  from  the  corr 
trols.  Interestingly,  in  the  0.5  percent,  1  percent,  and 
percent    phosmet    (EC)   and    2   percent    pirimiphos-ethjty 
treated  bolts,  total  emergence  actually  exceeded  the  X-ra; 
estimate.  It  is  possible  that  with  chlorpyrifos-methyl  at  thu 
highest  concentration,  some  fumigant  action  occurred  am 
with  phosmet,  a  flushing  action. 

A    third    response    variable,   percent    total    mortalitr 
(PertDead),  was  calculated  by  multiplying  the  mortaIit;i 
observed  for  emerging  beetles  by  a  correction  factor  for  thih  | 
additional  mortality  observed  in  the  subsamples  held  for  4il|l 
hours.  Treatment  effects  were  also  highly  significant  foo 
this  variable.  Table  4  shows  Duncan's  multiple  range  tesi 
for    this    variable.   The    ranking   of  treatments    for   thin 
response  variable  is  very  complex,  with  16  different  ranget 
of  significance.  Here,  2  percent  chlorpyrifos  and  2  percen 
fenitrothion  were  outstanding,  with  95  percent  and  94  per  j 
cent  mortality,  respectively.  Also,  there  was  no  significan' 
difference  between  0.25  and  0.5  percent  carbophenothioi 
and  the  controls. 

Eleven  treatments  were  significantly  better  than  0.; 
percent  Undane.  They  included  1  and  2  percent  concenij 
trations  of  chlorpyrifos-methyl,  chlorpyrifos,  fenitrothioi 
and  etrimphos;  and  the  2  percent  concentrations  of  pirim 
iphos-ethyl  and  the  microencapsulated  formulation  o 
phosmet.  At  the  0.5  percent  concentration,  only  chlor 
pyrifos  was  significantly  better  than  lindane. 

Our  results  may  provide  some  insight  into  lindane'; 
erratic  performance  in  SPB  suppression  efforts  in  recem  • 
outbreaks;  the  recommended  concentration  killed  an  aver-' I 
age  of  only  61  percent  of  the  emerging  beetles. 

Arc  sine  transformations  were  performed  on  the  per- 
cent mortahty  data,  but  we  saw  no  differences  in  results 
of  the  statistical  analysis. 
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PROCEDURES 

Based  on  results  of  the  screening  tests,  four  insecticides 
(chlorpyrifos,  chlorpyrifos-methyl,  fenitrothion,  and 
carbaryl)  were  further  tested  to  establish  their  efficacy  for 
both  prevention  of  SPB  attacks  and  remedial  control  of 
beetles  in  infested  pines.  Efficacy  tests  were  carried  out  in 
North  Carolina  by  Hastings,  Jones,  and  Franklin;  in  Georgia 
and  South  CaroUna  by  Berisford  and  Brady;  in  Mississippi 
by  MizeU,  Lashomb,  Fitzpatrick,  and  Neel;  Berisford  and 
Brady;  and  in  Louisiana  by  Ragenovich. 

Aqueous  sprays  of  0.5  percent  lindane  were  the 
standard,  or  reference,  in  all  efficacy  tests.  All  test  insecti- 
cides were  mixed  as  aqueous  sprays.  Oil  sprays  were  ex- 
cluded because  of  their  possible  phytotoxic  effects,  their 
expense  in  operational  conditions,  and  the  relative  ease  in 
mixing  waterbase  sprays  in  remote  field  locations. 

The  relative  effectiveness  of  insecticides  in  preventing 
SPB  attack  was  estimated  in  three  types  of  experiments: 
(1)  forced-attacked  tests,  (2)  hanging-bolt  tests,  and  (3) 
standing-tree  tests.  Uninfested,  standing  loblolly  or  short- 
leaf  pines  were  thoroughly  sprayed  with  hydraulic  sprayers 
operated  at  200  to  300  Ib/in^ .  Depending  on  the  type  of 
test,  bolts  were  either  cut  from  felled  trees  or  the  trees  were 
left  standing. 

Forced-attack  tests  were  used  by  Hastings  and  others  in 
North  Carolina  with  chlorpyrifos-methyl  and  by  Beris- 
ford and  Brady  in  Georgia  with  chlorpyrifos  and  chlor- 
pyrifos-methyl. Field-sprayed  bolts  of  0.5-m  length  were 
taken  to  the  lab  where  their  cut  ends  were  coated  with 
paraffin  to  reduce  moisture  loss.  Five  pairs  of  newly 
emerged  SPB  aduhs  were  confined  on  each  test  bolt  by  No. 
32  mesh  Saran  screen.  After  25  days  the  bolts  were  peeled 
and  the  number  of  successful  attacks,  the  number  of  live 
and  dead  beetles,  and  the  lengths  of  egg  galleries  were 
recorded. 

In  hanging-bolt  tests,  1.5-  to  2-m-long  bolts  were  cut 
from  the  field-sprayed  trees  and  taken  to  sites  adjacent  to 
natural  infestations  of  SPB  (Berisford  and  others  1980). 
The  bolts  were  attached  to  uninfested  trees  and  hung  at 
about  3  m  above  the  ground.  One  or  two  bolts  per  tree  were 
used.  A  20-  by  50-cm  (1,000  cm^)  wire-screen  sticky  trap 
was  fastened  to  each  bolt  to  monitor  SPB  visitation.  Each 
bolt  was  also  baited  with  frontalure  (a  1:2  mixture  of 
frontalin  and  a-pinene)  to  invite  attack.  Frontalure  was 
released  from  2-dr  vial  caps  or  from  cigarette  filters 
(Gammill  and  others  1978).  After  25  to  30  days,  workers 
removed  the  bolts  and  recorded  numbers  of  SPB  trapped  on 
screens.  They  also  delineated  a  1 ,000-cm^  area  opposite  the 
sticky  trap,  peeled  the  bark,  and  recorded  numbers  of  SPB 
attacks  and  total  lengths  of  egg  galleries.  Hanging-bolt  tests 


were  done  with  all  four  insecticides  in  each  of  the  five 
States. 


The  survival,  or  death,  of  living  sprayed  trees  is  the  ulti- 
mate criterion  of  prevention  of  SPB  attack.  Standing-tree 
bioassays  were  used  with  chlorpyrifos  and  chlorpyrifos- 
methyl  in  Mississippi.  Treatment  trees  were  selected  near 
SPB  infestations  that  had  at  least  25  currently  infested  trees 
larger  than  15  cm  d.b.h.  and  no  less  than  23  m^ha  of  pine 
basal  area.  The  treatment  trees  were  within  1 00  m  of  the 
actively  infested  trees,  and  there  were  green  unattacked 


pines  between  the  infestations  and  the  treated  trees.  The 
unattacked  trees  served  as  a  reservoir  to  maintain  the  SPB 
infestation  for  the  duration  of  the  test. 

Standing  unattacked  treatment  trees  were  sprayed  to 
the  point  of  runoff.  Spray  was  applied  to  the  boles  of  the 
trees  up  to  a  height  just  above  the  lowest  major  live  Hmbs 
(usually  9  to  12  m  above  the  ground).  Unsprayed  check 
trees  were  designated.  Both  loblolly  and  shortleaf  pines 
were  used  as  treatment  and  check  trees.  A  sticky  trap 
similar  to  those  used  in  the  hanging-bolt  tests  was  im- 
mediately placed  on  each  study  tree  at  3  to  3.5  m  above 
the  ground.  Frontalure  release  devices  were  attached  to 
each  trap  to  attract  SPB.  The  traps  were  inspected  and  the 
attractant  replenished  every  2  to  3  weeks.  Crown  color, 
presence  of  pitch  tubes,  and  proximity  to  newly  attacked 
trees  were  recorded  for  each  tree. 

RESULTS 

North  Carolina.— Figure  1  presents  field  bioassay  data 
comparing  chlorpyrifos-methyl  at  0.5  and  1  percent  to  the 
standard,  0.5  percent  lindane.  In  general,  neither  concen- 


tration of  chlorpyrifos-methyl  appeared  to  be  a  reasonabl 
replacement  for  lindane  as  a  preventive  treatment.  The  0. 
percent  concentration  was  comparable  to  lindane  durin  i 
the  first  2  months,  whereas  the  1  percent  concentration  wa 
only  comparable  during  the  first  month.  During  the  thin,; 
and  fourth  months,  neither  concentration  of  chlorpyrifos 
methyl  was  effective,  but  after  5  months,  both  concentra 
tions,  as  well  as  lindane,  significantly  reduced  gallery  lengtl 
(P  <  0.05).  In  the  sixth  month,  0.5  percent  chlorpyrifos 
methyl  and  lindane  were  significantly  better  than  either  th( 
controls  or  1  percent  chlorpyrifos-methyl.  Beetle  activity 
in  the  area  then  declined,  and  no  further  testing  was  possi 
ble  until  15  months  later.  At  this  point,  only  lindane  con 
tinued  to  show  activity  against  the  SPB  (gallery  length  sig 
nificantly  reduced  as  compared  to  control  and  chlorpyrifos 
methyl  treatments  (P<  0.05). 

The  laboratory  "forced-attack"  data  (table  5)  may  ex- 
plain, in  part,  the  erratic  field  results.  In  particular,  the  two 
1  percent  clilorpyrifos-methyl  bolts  for  month  2,  which  had 
galleries  totaling  280  cm,  were  from  the  same  trees  as  the 
two  field  bioassay  bolts  that  had  3,208  cm,  or  71  percent 
of  the  galleries.  These  figures  suggest  that  these  trees  were 
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Figure  1  .—Time-course  experiment  comparing  the  reduction  in  SPB  gallery  length  with  treatment. 
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not  sprayed  at  all.  Throughout  the  experiment,  attack  was 
heavier  on  the  bolts  sprayed  with  1  percent,  suggesting  that 
spray  coverage  in  this  plot  may  have  been  erratic.  The  poor 
performance  of  the  1  percent  chlorpyrifos-methyl  in  the 
field  test  but  not  in  the  lab  during  months  2  and  3  may 
have  been  caused  by  rain  removing  the  insecticide  from  the 
field  bolts.  The  area  in  which  the  bolts  were  hung  received 
12.2  and  1 1.2  cm  of  rain  during  these  2  months.  Brady  and 
Berisford'  have  found  that  chlorpyrifos-methyl  can  be 
washed  off  trees  by  simulated  rainfall  even  after  the  spray 
has  dried. 

Georgia.-TMes  6  and  7  show  that  bolts  treated  with 
1  percent  fenitrothion  had  a  few  SPB  attacks  and  some  egg 
gallery  construction  at  0-day  and  a  significant  number  of 
attacks  and  gallery  length  at  2  months.  Bolts  treated  with  2 
percent  fenitrothion  had  some  attacks  but  no  successful 
gallery  construction  until  the  4-month  bioassay.  Attacks 
and  gallery  construction  of  2  percent  fenitrothion  at  4  and 
6  months  indicate  that  it  is  probably  not  an  effective  pre- 
ventive control  beyond  3  months  where  SPB  pressure  is 
high.  Few  attacks  and  no  gallery  construction  occurred  on 
bolts  treated  with  0.5  percent  lindane. 

Preliminary  tests  with  two  formulations  of  carbaryl 
showed  that  2  percent  Sevimol  4®  and  UCSF-2  were  in- 
effective at  0-day  (tables  6  and  7).  Carbaryl  was  not  ef- 
fective in  preventing  attack  with  bark  residues  of  over 
3,500  p/m  in  0-day  bioassays  (table  8). 

Residue  levels  through  4  months  (table  8)  show  that 
fenitrothion  may  be  ineffective  if  bark  residues  are  below 
3,500  p/m.  Very  low  concentrations  of  lindane  residues, 
however,  continue  to  prevent  successful  gallery  construc- 
tion (tables  6,7,8). 

Table  9  shows  the  number  of  SPB  caught  on  sticky 
traps  attached  to  the  chlorpyrifos,  chlorpyrifos-methyl, 
and  lindane-treated  standing  trees.  Sites  2  and  3  received 
moderate  pressure  during  the  first  2  months.  On  site  1  only 
small,  but  consistent,  numbers  of  beetles  were  attracted  to 
the  trees.  Because  no  one  has  determined  the  number  of 
SPB  required  to  successfuUy  attack  and  kill  a  tree,  we  do 
not  know  if  enough  beetles  were  present  to  kill  trees  on  any 
of  the  treatments  in  this  spot.  However,  some  untreated 
trees  not  included  in  the  test  were  killed  during  tiie  study. 

AU  untreated  controls  in  site  2  had  died  by  16  weeks 
after  treatment,  and  one  tree  treated  with  1  percent  chlor- 
pyrifos-methyl also  died.  This  spot  expanded  rapidly,  and 
the  active  front  moved  away  from  the  treated  trees  by  26 
weeks. 

SPB  activity  ceased  at  site  3  within  42  weeks.  Three 
untreated  controls  died  by  24  weeks,  and  all  died  by  34 
weeks  after  treatment.  No  trees  that  had  been  treated  with 
Ian  insecticide,  at  any  rate,  died  in  this  spot. 

Table  10  gives  bark  residues  for  the  four  collection 
dates.    Residues   for   both   lindane  and  chlorpyrifos  were 


similar  to  those  found  in  previous  studies.  About  25  per- 
cent of  the  residue  at  0-day  remained  after  12  months. 

Although  most  treatments  protected  treated  trees,  the 
results  should  be  evaluated  cautiously.  The  relatively  small 
numbers  of  SPB  on  sticky  traps  and  the  general  decline  of 
beetles  in  the  area  indicated  light  attack  on  most  trees. 
Large  numbers  of  SPB  and  heavy  mass  attacks  might  have 
successfully  overwhelmed  the  insecticide  barrier.  These 
results  should  not  be  extrapolated  to  an  epidemic  situation. 

Mississippi. -T\Me\\e  Mississippi  study  sites  were  evalu- 
ated at  regular  intervals  for  up  to  1  year  after  trees  were 
treated  with  chlorpyrifos  and  chlorpyrifos-methyl.  Two  of 
the  sites  did  not  have  sufficient  SBP  activity  to  kill  control 
trees  and,  therefore,  were  deleted  from  further  analyses, 
k  Cumulative  means  of  numbers  of  SPB  trapped  per  tree 
on  each  site  during  the  period  after  spraying  are  given  in 
figure  2.  Variation  among  sites  was  very  high.  For  instance, 
at  30  days,  the  mean  number  of  SPB  trapped  per  tree 
ranged  from  10  at  site  5  to  several  hundred  at  sites  1,  10, 
11,  and  12.  The  liigh  numbers  of  active  trees  and  SPB 
trapped  during  the  study  indicate  that  the  experiments 
rigorously  tested  the  treatments. 
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Figure   2. -Cumulative   mean  number   of  SPB  relative  to 
number  of  days  after  treatment. 

The  presence  of  pitch  tubes  on  trees  usually  indicates 
successful  SPB  attack.  In  this  study,  however,  pitch  tubes 
on  trees  protected  by  insecticides  were  not  rehable  indi- 
cators of  tree  mortality.  Figure  3  shows  that  within  60  days 
all  control  trees  had  pitch  tubes;  all  of  these  trees  died.  By 
contrast,  pitch  tubes  continued  to  increase  in  treated  trees 
(70  percent  or  more  had  pitch  tubes  at  test  termination), 
but  fewer  than  58  percent  were  killed. 

The  true  measure  of  insecticide  efficacy  against  SPB  is 
prevention  of  tree  mortality.  Tree  mortality  is  indicated  by 
a  change  in  crown  (needles)  color  from  green  to  yeUow  or 
red.  Evaluation  of  insecticidal  performance  was  based  on 
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Figure   3. -Occurrence   of  pitch  tubes  on  trees  after  six 
insecticide  treatments. 

the  mean  number  of  days  after  treatment  (control  vs.  treat- 
ment trees)  that  crown-color  change  was  noted  in  the  trees 
that  died. 

Mortality  of  trees  treated  with  insecticide  and  control 
trees  occurred  continuously  during  the  test  period.  The 
variation  in  time  to  tree  death  and  crown-color  change  can 
be  attributed  to  number  and  time  of  beetle  mass  attack  by 
site,  season  of  the  year,  individual  tree  differences,  site  dif- 
ferences, and  interaction  of  these  factors.  The  important 
point,  however,  is  that  the  treatment  trees  on  the  average 
lived  longer  than  did  the  controls  under  similar  conditions. 

Table  1 1  gives  the  mean  number  of  days  to  crown- 
color  change  and  the  number  of  trees  killed  in  each  treat- 
ment. All  control  trees  in  each  of  the  10  plots  succumbed 
at  a  mean  81  days  after  treatment.  The  mean  time  to 
crown-color  change  was  significantly  longer  for  trees  in  all 
insecticide  treatments.  The  failure  of  tliis  measure  to  dif- 
ferentiate between  insecticidal  concentrations  suggests  that 
crown-color  change  may  not  be  precise  enough  to  effec- 
tively evaluate  insecticidal  performance.  In  studies  where 
number  of  successful  attacks  and  egg-gallery  lengths  were 
measured,  the  effects  of  different  insecticidal  concentra- 
tions were  discernible  (tables  1 2  and  1 3). 

Table  12  gives  results  of  another  series  of  field  ef- 
ficacy tests  of  chlorpyrifos  and  chlorpyrifos-methyl  on 
standing  trees  in  Georgia.  Numbers  of  successful  attacks 
and  SPB  egg-gallery  lengths  show  that  1  percent  and  2  per- 
cent chlorpyrifos  and  chlorpyrifos-methyl  were  generally  as 
efficacious  as  0.5  percent  lindane  up  to  4  months  after 
treatment.  At  8,  10,  12,  and  15  months  after  treatment,  1 
percent  chlorpyrifos  was  less  effective  than  other  candidate 
formulations.  Lindane  (0.5  percent)  was  superior  to  all 
other  materials  12  and  15  months  after  application.  The 
time  during  which  lindane  is  effective  in  preventing  SPB  at- 
tacks is  similar  to  the  protection  provided  for  other  species 
of  pine   bark  beetles  (Berisford  and  Brady  1976;  Smith 


I 


1970).    Overall,    chlorpyrifos-methyl    tended    to    providi 
slightly  more  protection  than  chlorpyrifos. 

Table  13  gives  results  of  forced-attack  tests.  Conclu 
sions  drawn  from  these  data  are  similar  to  those  from  th- 
field  bioassays.  Based  on  number  of  successful  attacks  an(i 
length  of  egg  galleries  6  and  12  months  after  treatment,  '. 
percent  chlorpyrifos  was  generally  more  effective  than  '. 
percent  chlorpyrifos  or  0.5  percent  lindane.  Laboratory 
bioassays  were  deemed  unnecessary  in  1976  due  to  the  sue 
cess  of  field  bioassays  in  prior  tests  and  the  agreement  o: 
results  with  both  bioassay  techniques. 

In  another  series  of  Mississippi  tests,  the  standing- 
tree  method  was  used  to  test  fenitrothion.  For  this  test 
three  types  of  information  are  presented:  (1)  time  of  oc 
currence  of  pitch  tubes  on  the  treated  trees,  (2)  thee 
mortality  of  trees  in  each  of  the  treatments  through  time 
and  (3)  trap  counts  through  time  as  a  measure  of  beetlee 
occurrence  on  the  treated  trees. 

The  standing-tree  prevention  test  is  highly  conserva-i' 
tive  because  treated  trees  were  constantly  baited  with  SPBB 
pheromone,  and  beetles  came  to  the  trees  continuously 
Thus,  a  tree  was  never  allowed  to  fully  recover  from  previ- 
ous SPB  attacks.  Tliis  situation  would  not  occur  in  a  naturaLlj 
stand  where  SPB  attack  en  masse  over  a  brief  period. 

Occurrence  of  pitch  tubes  (fig.  4)  can  be  considered  a 
helpful  early  predictor  of  the  efficacy  of  an  insecticide 
treatment.  Pitch  tubes  developed  immediately  on  the  con- 
trol trees;  100  percent  had  pitch  tubes  2  months  after  treat- 
ment. Pitch  tubes  occurred  later  on  treated  trees,  appearing 
first  on  those  receiving  1  percent  fenitrothion  and  later  on 
those  receiving  2  percent  fenitrothion  or  lindane.  By  6 
months  after  treatment,  aU  the  treated  trees  had  pitch 
tubes.  In  view  of  this  time  data,  it  was  assumed  that  more 
of  the  control  trees  and  1  percent  fenitrothion-treated  trees 
would  be  killed  and  that  these  trees  would  die  sooner  than 


100 

;' 

/' 

V,    90 

_ 

• 

/ 

/  ' 

1 
^    80 

- 

.' 

1 
/ 
/ 
/' 

/ 

1 

t;    70 

— 

/ 

/  . 

0- 

/ 
/ 

// 

•>.    60 

— 

J 

^ 

/ 

/ 

J2    50 

'4J 

- 

/ 
/ 

1 

1 

•  •  CONTROL 

?: 

/ 

^   40 

- 

/ 

LINDANE 

15 

/ 

1  / 



—  1%  FENITROTHION 

S   30 

- 

1 

'/ 

.     oo/    FT  WiTD^T  WrrtW 

$   20 

J 

yf 

r 

■   t  /o  rCMi  1  nui  niun 

v» 

/ 

^     10 

- 

ti,        1 

/ 

I 

1 

1 

1         1 

1       1       1       1 

3  4  5  6  7  8 

MONTHS  AFTER   TREATMENT 


10        II 


Figure  4. -Time-course  of  pitch-tube  formation  following 
appUcation  of  lindane  and  fenitrothion  to  standing 
trees  in  Mississippi. 


trees  receiving  2  percent  fenitrothion  or  lindane.  Tliis  as- 
sumption was  correct. 

Figure  5  shows  the  time  of  death  and  percentage  of 
trees  in  each  treatment  that  were  killed  during  the  test.  Of 
the  32  control  trees,  84  percent  were  killed  during  the  test 
(100  percent  if  the  two  sites  with  lowest  beetle  pressure  are 
disregarded),  75  percent  of  these  were  dead  after  3  months. 
Only  9  percent  of  the  trees  receiving  the  1  percent  fenitro- 
thion treatment  had  died  5  months  after  treatment.  Most 
were  kiUed  more  than  7  months  after  treatment,  though 
only  34  percent  died  in  all.  Lindane  and  2  percent  fenitro- 
thion were  much  more  effective  against  SPB.  Only  3  per- 
cent (one  tree  each)  of  the  2  percent  fenitrothion  and 
lindane -treated  trees  were  killed  in  the  test,  and  both  died 
more  than  8  months  after  treatment. 
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Figure  5. -Time-course  of  tree  mortahty  following  applica- 
tion of  lindane  and  fenitrothion  in  Mississippi. 

It  should  be  pointed  out  that  the  eight  test  sites  were 
sprayed  from  early  May  to  early  June  1978.  Thus,  from  6 
to  7  months  after  treatment,  cold  winter  weather  occurred 
in  Mississippi,  slowing  SPB  activity  and  probably  prolonging 
the  Hfe  of  some  of  the  1  percent  fenitrothion-treated  trees. 
However,  prevention  of  attack  from  SPB  for  6  months 
would  cover  the  normal  peak  period  of  SPB  activity  in  the 
Southeastern  United  States. 

To  determine  how  long  insecticide  protection  lasted, 
we  studied  the  mean  number  of  beetles  trapped  (±  standard 
deviation)  from  the  time  of  treatment  to  the  death  of  the 
tree  or  the  end  of  the  test  (table  14).  The  counts  suggest 
that  the  beetle  populations  at  six  of  eight  sites  were  high 
enough  to  test  the  efficacy  of  the  insecticide  treatments. 
Since  not  all  control  trees  were  killed  at  two  of  the  sites 
(14,  20),  these  sites  were  eluninated  from  the  analysis. 

Variation  between  sites  and  among  trees  within  sites 
was  large  (table  14).  Mean  trap  counts  of  the  trees  in  each 
of  the  four  treatments  show  that  control  trees  were  killed 


by  lower  numbers  of  beetles  on  the  average  than  were  re- 
quired to  kill  trees  receiving  the  1  percent  fenitrothion 
treatment.  More  importantly,  the  numbers  of  beetles  that 
killed  the  control  trees  early  did  not  kill  the  treatment 
trees:  the  controls  lasted  only  2  months,  while  no  1  percent 
fenitrothion-treated  trees  were  killed  until  5  months  after 
treatment.  Because  treated  trees  were  constantly  baited  and 
subjected  to  continuous  attack,  it  can  be  concluded  that  1 
percent  fenitrothion  protects  trees  for  up  to  4  months  and 
that  2  percent  fenitrothion  and  0.5  percent  lindane  give 
protection  for  up  to  10  months. 

The  hanging-bolt  method  was  also  used  to  test  fenitro- 
thion in  Mississippi.  Results  were  comparable  to  those  from 
the  standing-tree  method.  Numbers  of  SPB  on  the  bolt 
traps  were  similar  to  those  on  the  standing-tree  traps  (table 
15),  indicating  that  the  treatment  bolts  were  exposed  to 
high  populations  of  attacking  SPB. 

The  number  of  successful  attacks  per  bolt  and  centi- 
meters gallery  construction  in  each  of  the  treatments  varied 
with  time  after  treatment.  Soon  after  the  first  month  after 
treatment,  trees  receiving  1  percent  and  2  percent  fenitro- 
thion, and  Undane,  had  significantly  lower  numbers  of  at- 
tacks and  centimeters  of  gallery  than  the  controls. 

At  4  months  after  treatment,  the  number  of  success- 
ful attacks  was  not  significantly  different  between  controls 
and  trees  receiving  1  percent  fenitrothion  {P  <  0.05). 
Values  were  significantly  lower  (P  <  0.05)  for  trees  re- 
ceiving 2  percent  fenitrothion  and  lindane.  Gallery  con- 
struction after  4  months  was  significantly  lower  (P  <  0.05) 
in  all  treated  trees  than  in  the  controls.  Gallery  construc- 
tion in  the  bolts  treated  with  1  percent  fenitrothion  was 
higlier  than  in  bohs  treated  with  2  percent  fenitrothion  and 
lindane. 

Results  10  months  after  treatment  were  similar  to  the 
4-month  results  for  the  1  percent  fenitrothion  treatment. 
After  10  months,  the  2  percent  fenitrothion  and  hndane 
treatments  failed  to  prevent  SPB  attack  but  were  still  sig- 
nificantly better  (P<0.5)  than  controls. 

Louisiana. -The  hanging-boh  method  was  used  in 
Louisiana  to  determine  the  ability  of  chlorpyrifos  to  pre- 
vent SPB  attack.  Sets  of  bolts  were  treated  and  weathered 
for  multiples  of  30  days  before  exposure  to  beetles.  Thus,  it 
was  possible  to  determine  how  soon  treatments  became 
ineffective.  Attack  was  measured  by  two  methods.  First, 
while  the  bolts  were  hanging  on  the  trees,  the  numbers  of 
attacks,  as  evidenced  by  entrance  holes  and  boring  dust, 
were  counted  weekly.  These  data  were  used  to  determine 
the  length  of  time  the  treatments  prevented  beetles  from  at- 
tacking. Second,  bark  was  peeled  from  a  section  and  gallery 
lengths  were  measured.  Gallery  length  was  an  indicator  of 
successful  beetle  attack. 

Two-factor  ANOVA  (treatment  vs.  time;  treatment  vs. 
site)  were  conducted.  Three  measured  variables— trap  catch, 
attacks  on  bolts,  and  gallery  length-were  considered  in  the 
analyses.  Trap  catch  was  used  to  determine  the  presence  of 
SPB.  Attack  and  gaUery  length  were  measures  of  treatment 


■feet.  Treatment  significantly  affected  all  variables  in  the 
vo-f actor  ANOVA. 

Numbers  of  beetles  trapped  varied  significantly  over 
me,  but  the  lack  of  significant  interactions  of  the  variables 
iggests  that  trap  catches  were  associated  with  changes  in 
jpulation  densities  over  time,  and  not  with  time  since 
eatment.  In  other  words,  equal  numbers  of  beetles  were 
mailable  to  attack  each  treatment  at  any  given  time. 

In  the  ANOVA  for  treatment  vs.  time,  there  was  a  sig- 
ficant  interaction  for  the  adjusted  attack  variable.  This 
teraction  impUes  a  change  in  the  effectiveness  of  the 
eatments  over  time. 

The  effects  of  treatments  over  time  (one-way  ANOVA) 
:vealed  no  significant  differences  between  lindane  and  1 
id  2  percent  chlorpyrifos  in  prevention  of  attack  for  up  to 
months  (fig.  6).  After  3  months  there  was  no  significant 
ifference  between  treatments  in  preventing  attack.  The  0.5 
jrcent  chlorpyrifos  treatment  prevented  attack  for  the 
rst  month  only. 

In  terms  of  gallery  length,  lindane  and  1  and  2  percent 
ilorpyrifos  provided  protection  for  the  7  months  of  the 
!St  (fig.  6).  The  0.5  percent  chlorpyrifos  prevented  gallery 
instruction  for  3  months. 
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Figure    6.-Length-of-time   treatments  prevented   SPB 
attack  and  gallery  construction. 


EFFICACY  STUDIES:  REMEDIAL 

C.  W.  Berisford,  U.  E.  Brady,  G.  E.  Fitzpatrick,  J.  H.  Lashomb, 
R.  F.  MizeU  III,  W.  W.  Neel,  and  I.  R.  Ragenovich 


PROCEDURES 

The  same  four  insecticides  that  were  tested  for  preven- 
tion were  also  field-tested  for  their  remedial  effectiveness 
against  SPB  populations  in  attacked  trees.  Aqueous  sprays 
were  used  in  all  remedial  tests. 

Remedial  tests  were  designed  to  test  the  efficacy  of  the 
four  test  compounds  for  killing  larvae,  pupae,  and  adults  of 
SPB  within  trees.  Bolts  were  cut  from  naturally  infested 
loblolly  and  shortleaf  pines  in  Louisiana,  Georgia,  South 
Carolina,  and  Mississippi.  The  d.bJi.  of  sample  infested 
trees  ranged  from  1  5  to  24  cm,  and  trees  contained  pre- 
dominantly late-stage  larvae,  pupae,  and/or  brood  adults. 
Three  bolts  were  cut  from  each  tree:  one  from  the  lower, 
one  from  the  middle,  and  one  from  the  upper  one-third  of 
the  infested  bole.  The  bolts  were  initially  cut  to  1-m 
lengths.  Bark  samples  were  removed  from  the  ends  of  the 
bolts,  then  the  bolts  were  trimmed  to  Vi-m  lengths.  Beetle 
numbers  in  the  bark  samples  were  estimated  by  hand  dis- 
section or  by  use  of  radiographs. 

All  three  bolts  from  a  tree  were  given  the  same  treat- 
ment. In  Georgia,  the  standing  infested  trees  were  sprayed 
with  a  hydraulic  sprayer;  in  all  other  remedial  tests,  the 
bohs  were  sprayed  after  being  cut  from  the  trees.  The 
sprayed  bolts  were  placed  in  Saran  screen  rearing  bags  or 
ventilated    rearing    cans    (Berisford    and    others    1976). 


Emergent  beetles  were  collected  and  counted  periodically 
over  a  span  of  30  days.  In  some  studies,  live  emergent 
beetles  were  placed  in  paper  ice-cream  cartons  that  con- 
tained moist  towehng  and  coarse  sawdust.  Survival  of  these 
beetles  was  recorded  at   12-hour  intervals  for  72  hours. 

RESULTS 

Georgia  and  South  Carolina. -TMe  16  shows  the 
resiilts  of  remedial  control  assays  in  Georgia  and  South 
Carolina.  In  terms  of  dead  larvae,  pupae  and  adult  in 
treated  trees  5  days  after  spraying  and  numbers  of  adults 
emerging,  0.5  percent  chlorpyrifos  was  less  effective  than 
0.5  percent  lindane  for  remedial  control.  The  1  percent  and 
2  percent  chlorpyrifos  were  about  as  effective  as  0.5  per- 
cent lindane. 

In  two  different  tests  in  Georgia  (table  17),  I  and  2 
percent  fenitrothion  reduced  emergence  of  SPB  from 
treated  bolts,  and  mortality  of  emerging  aduhs  was  high  for 
both  concentrations.  A  maximum  of  18  percent  of 
emerging  adults  survived  for  72  hours  with  1  percent 
fenitrothion.  Lindane  reduced  emergence  of  SPB,  but  a 
higher  percentage  of  emerging  beetles  survived  for  72  hours. 
It  appears  that  1  percent  and  2  percent  fenitrothion  are 
superior  to  0.5  percent  lindane  for  remedial  control  (fig.  7). 
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Figure  7. -Comparison  of  remedial  control  of  SPB  by  fenitrothion  and  Undane  in  Georgia. 


Mississippi. ~S?B  emergence  from  bolts  treated  with 
"enitrothion  and  lindane  varied  greatly  (table  18).  In  terms 
3f  survival,  the  1  and  2  percent  fenitrothion  treatments  per- 
formed as  well  as  Undane,  if  not  better.  Lindane  was  shown 
5y  Bennett  and  Pickard  (1966)  and  Jump  and  Tsao  (1973) 
0  be  effective  as  a  remedial  treatment  for  SPB.  In  all  three 
reatments,  survival  percentages  were  much  lower  than  in 
he  untreated  trees.  It  should  be  pointed  out  that  mortahty 
lata  and  beetle  emergence  were  monitored  once  every  24 
lours.  Therefore,  a  24-hour  error  could  exist  in  the  actual 
ength  of  beetle  survival  after  emergence. 

As  a  remedial  treatment,  1  and  2  percent  fenitrothion 
vere  equally  effective  and  as  good  as,  if  not  better  than, 
indane  in  kilUng  emerging  beetles. 

Low/s/fl«a. -Treatments  significantly  affected  emer- 
;ence  at  the  0.05  confidence  level.  No  other  effects  were 
tatistically  significant.  Table  19  shows  the  total  number  of 
)eetles  emerging  from  the  treatment  bolts  and  the  average 
lumber  of  emerging  beetles/0.09  m^  (1  ft^)  of  bark  sur- 
ace.  Difference  between  means  for  each  of  the  chlor- 
)yrifos  treatments,  and  the  control  and  lindane  were  sub- 
ected  to  r-tests.  The  two  chlorpyrifos  treatments  were  not 


compared.  Both  concentrations  of  chlorpyrifos  were  better 
than  the  control,  and  the  chlorpyrifos  treatments  were  as 
effective  as  Hndane.  Duncan's  multiple  range  tests  con- 
firmed this  result.  Figure  8  shows  the  average  number  of 
emerging  beetles/0.09  m^  of  bark  surface  for  each  repli- 
cation. Lindane  and  1  and  2  percent  chlorpyrifos  con- 
sistently reduced  numbers  of  emerging  bark  beetles.  Al- 
though statistical  tests  did  not  show  that  the  0.5  percent 
concentration  of  chlorpyrifos  was  significantly  poorer  than 
higher  concentrations,  the  graph  suggests  that  the  lower 
concentration  gives  less  consistent  control. 

The  arc  sine  transformation  showed  that  all  treat- 
ments reduced  the  proportion  of  the  initial  brood  that 
emerged  per  unit  area  of  bark  surface.  The  strength  of  this 
test  is  limited  by  several  factors  associated  with  the  X-rays. 
Timing  of  the  X-rays  or  dead  brood  may  result  in  a  less 
than  accurate  picture  of  the  initial  beetle  population.  How- 
ever, the  estimated  average  number  of  brood  per  unit  area 
and  the  average  number  of  emerging  beetles  per  unit  area 
for  each  treatment  can  be  combined  to  estimate  percentage 
of  emergence. 
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Figure  8. -Average  number  of  SPB  emerging/ft^  of  bark  surface  from  bolts  treated  with  chlorpyrifos  for  remedial  control, 

Louisiana. 


RESIDUE  STUDIES 


C .  W.  Berisford,  U.  E.  Brady,  and  I.  R.  Ragenovich 


PROCEDURES 

Persistence  of  insecticide  on  bark  was  determined  by 
gas  liquid  chromatograpliic  (GLC)  analysis.  Samples  of  ap- 
proximately 100  g  (ca.  50  cm^)  of  the  outer  1.27  cm  of 
bark  were  removed  and  stored  at  -20°C  until  prepared  for 
analysis.  Samples  were  taken  1  to  2  m  above  ground  in 
standing  trees  and  from  the  lower,  middle,  and  upper  bole 
of  fallen  trees. 

Samples  were  chopped  in  a  Hobart  food  chopper,  and 
two  5-g  subsamples  were  leached  for  24  hours  in  40  ml  of 
solvent  (hexane  for  lindane  and  ethyl  acetate  for  chlor- 
pyrifos,  chloripyrifos-methyl  and  fenitrothion).  Extraction 
efficiency  of  leaching  was  95  percent  and  was  comparable 
to  that  of  blender  maceration  in  repUcated  tests.  Aliquots 
of  each  of  these  extracts  were  dried  with  Na2S04  and  ana- 
lyzed by  GLC  as  foUows: 

Lindane.— Electron  capture  detector;  oven,  210°C; 
6-ft  glass  column  packed  with  1.5  percent  OV-17 
and  1.95  percent  QF-1  on  Chromasorb  W. 

Chlorpyrifos,  chlorpyrifos-methyl,  and  fenitrothion.  — 
Flame  photometric  detector,  P  mode;  oven, 
190  C,  column,  1-ft  glass,  packed  with  5  per- 
cent DC -200  on  Chromasorb  Q. 

Carbaryl .—EXecixon  capture  detector;  column,  145°  to 
150°C;  detector,  225°C;  inlet,  170°C;  0.3-m  by 
4-mm  glass  column  packed  with  Chromasorb 
Q  80  to  100  mesh  support  coated  with  3  percent 
Silicone  SE-30;  carrier  gas  flow  (N2),  1 20  ml/min. 

Losses  of  lindane  and  chlorpyrifos-methyl  from  bark 
following  simulated  rain  were  also  estimated.  Insecticides 
were  applied  (three  replications)  by  compressed-air  hand 
sprayers.  Table  20  indicates  elapsed  time  between  insecti- 
cide application  and  simulated  rain  (manual  sprinkling)  as 
well  as  volume  of  water  applied  per  ft^  (0.09  m^)  of  bark. 
Bark  samples  were  removed  1  hour  after  the  "rain"  and 
analyzed  for  insecticide  content  according  to  procedures 
jdescribed  previously. 

The  effects  of  adjuvants  on  deposition  and  persistence 
of  bark  sprays  were  also  determined.  Adjuvants,  marketed  as 
jsticking  agents,  and  antidrift  additives  were  applied  to 
standing  loblolly  pines  as  recommended  by  the  manu- 
facturer with  0.5  percent  lindane  and  1  percent  chlor- 
pyrifos. Low-drift  spray  systems  tested  were  from  Dela- 
van  Manufacturing  Co.  and  Velsicol  Chemical  Co.  (Accu- 
trol®  spray  system). 

For  quantitative  evaluation  of  spray  drift,  four  experi- 
ments were  conducted  in  an  open  field  upwind  from  a 
rectangular  grid  system  composed  of  48  numbered  sample 
Collection  stations  on  stakes  spaced  5  m  apart  (length:  8 
stations;  width:  6  stations).  In  each  experiment  the  spray 
'?un  of  each  system  was  stationed  5  m  upwind  at  varying 
positions,  depending  on  wind  direction,  along  the  first  row 


of  a  six-station  side  of  the  grid.  Spray  containing  0.5  per- 
cent lindane  wettable  powder  (WP)  and  an  appropriate 
amount  of  the  dye  to  ensure  visibility  of  spray  on  the  col- 
lection cards  was  directed  upward  and  almost  perpendicular 
to  the  field  surface,  while  a  predetermined  equal  volume  of 
spray  was  dispensed  from  each  gun.  Kromekote  cards  and 
cards  for  GLC  analysis  of  lindane  were  collected  at  each 
sampling  station  after  spray  application  for  subsequent  drift 
analysis.  For  quantitative  evaluation  of  toxicant  deposition 
and  persistence,  five  loblolly  pines  were  treated  with  0.5  per- 
ceiit  WP  lindane  by  the  Accutrol  system.  An  equal  number 
of  trees  were  similarly  treated  by  conventional  spraying. 
Samples  of  bark  from  each  tree  were  collected  at  0-day  and 
at  2  months  for  quantitation  of  lindane  by  GLC  analysis. 
Bark  residues  were  determined,  by  the  techniques  previ- 
ously described,  on  the  day  of  application  and  2,4,  6,  and 
9  months  after  treatment. 

A  simple  test  was  done  to  determine  the  amount  of 
chlorpyrifos  that  rubs  from  treated  bark  surfaces  onto 
clothing.  Pieces  of  cotton  cloth  1 2  cm^  were  rubbed  over 
bark  surfaces  treated  with  each  chlorpyrifos  concentration 
according  to  the  schedule  in  table  21.  Samples  were  taken 
by  firmly  rubbing  the  cloth  over  the  treated  bark  surface 
immediately  after  spraying  (wet)  and  2  hours  after  treat- 
ment (dry).  The  cloth  was  then  folded  several  times  with 
the  contacted  surface  to  the  inside,  tied,  and  stored  in  a 
freezer.  All  samples  were  placed  in  large  cuhure  tubes  and 
extracted  with  40  ml  ethyl  acetate  for  48  hours.  They  were 
then  dried  with  Na2S04,  and  appropriate  dilutions  were 
made  and  analyzed  as  previously  described. 

RESULTS 

Chlorpyrifos  was  much  more  persistent  on  pine  bark 
than  lindane,  while  chlorpyrifos-methyl  was  intermediate 
in  persistence  (table  22).  The  rate  of  dissipation  of  both 
chlorpyrifos  and  chlorpyrifos-methyl  was  independent  of 
dosage  at  the  concentrations  tested. 

There  appeared  to  be  no  correlation  between  pre- 
ventive efficacy  of  these  materials  (tables  12  and  13)  and 
their  persistence  on  bark  (table  10).  Considering  the  greater 
toxicity  of  both  chlorpyrifos  and  chlorpyrifos-methyl  than 
lindane  in  topical  toxicity  tests  (Hastings  and  Jones  1976), 
it  is  surprising  to  find  that  lindane,  while  apparently  less 
persistent  than  chlorpyrifos  and  chlorpyrifos-methyl,  is 
superior  to  both  materials  in  providing  long-term  protec- 
tion against  the  SPB.  The  amount  of  lindane  calculated 
from  residue  analysis  to  be  present  on  bark  6  months  after 
treatment  with  0.5  percent  lindane  was  0.05  percent.  This 
concentration  of  lindane  was  less  effective  immediately 
after  apphcations  than  the  0.5  percent  lindane  6  months 
after  application.  One  possible  explanation,  consistent  with 
the  data,  involves  the  alteration  of  lindane  to  a  more  toxic 
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oduct  during  exposure  under  field  conditions.  A  second 
issible  explanation  is  that  a  significant  amount  of  lindane 
ay  have  been  bound  and  not  extractable  by  leaching  or 
iceration  of  bark.  Experiments  on  dissipation  of  '^C 
dane  from  bark  under  appropriate  conditions  are  in 
ogress  to  test  this  possibility. 

When  bark  residues  of  fenitrothion  were  below  3,500 
m,  beetles  constructed  galleries  (tables  15  and  23). 
ndane,  however,  continued  to  prevent  gallery  construc- 
)n  at  very  low  residues. 

In  bioassays  immediately  after  treatment,  bark  resi- 
les containing  over  3,500  p/m  of  carbaryl  failed  to  pre- 
nt  attack  (table  7). 

Chlorpyrifos-methyl,  emulsifiable  concentrate  (EC), 
IS  readily  lost  by  sprinkling  water  over  bark  10  minutes  or 
hours  after  application  of  insecticide  (table  20).  In  com- 
rison,  lindane  (EC)  levels  at  2  hours  were  essentially 
affected  by  washing;  17  percent  was  lost  by  sprinkling  10 
inutes  after  application  (WP).  Loss  of  Undane  (WP)  was 
proximately  twice  that  of  lindane  (EC)  at  the  10-minute 
ish  time.  Clilorpyrifos-methyl  is  obviously  quite  per- 
tent  in  bark  if  rain  does  not  occur  for  an  extended  time 
ter  treatment.  However,  these  test  results  show  that  loss 
chlorpyrifos-methyl  from  treated  trees  would  be  large  if 
in  occurs  shortly  after  apphcation. 

Adjuvants  applied  to  increase  persistence  of  chlor- 
rifos  and  lindane  were  generally  only  slightly  effective 
r  intervals  up  to  9  months  after  treatment.  Plyac®  was 
e  most  effective  of  the  six  sticker  materials  tested  (table 
•).  No  efficacy  tests  were  carried  out  with  these  adjuvant- 
jecticide  mixtures. 

Drift  of  lindane  (0.5  percent  WP)  apphed  as  a  spray  by 
'0  foam  spray  systems  was  only  slightly  less  than  with  a 
nventional  spray  system. 

Preliminary  results  of  comparison  of  sprays  prepared 
3m  EC  and  WP  formulations  of  lindane  indicated  that  the 
P  formulation  was  most  compatible  with  aU  of  the  low- 
ift  systems.  The  desired  foam  generated  by  these  spray 


systems  was  at  least  partially  destroyed  by  the  EC  formula- 
tion. Consequently,  WP  formulation  was  used  in  all  subse- 
quent experiments. 

Quantitative  comparisons  of  spray  drift  generated  from 
three  spray  systems  were  made  by  GLC  analyses  of  lindane 
residues  at  each  of  48  sampling  stations  in  the  downwind 
spray  pattern  of  each  system  (table  25).  Comparative  drift 
with  each  system  was  evaluated  also  by  use  of  dyed  spray 
on  Kromekote  cards  at  each  sampling  station.  Resuhs  are  in 
general  agreement  with  those  obtained  by  GLC  analyses. 

In  three  experiments  with  each  spray  system,  resuhs 
indicate  that  the  drift  range  from  the  conventional  spray 
system  was  not  significantly  different  from  the  Accutrol 
or  the  Delevan  foam  systems.  Both  foam  systems  utilized 
Accutrol  adjuvant.  To  the  contrary,  the  degree  of  drift 
based  on  visual  observations  during  spray  applications  ap- 
peared to  be  reduced  by  each  foam  system.  Although  re- 
sults indicate  general  agreement  between  the  Kromekote 
and  GLC  assay  systems,  the  GLC  method  is  considerably 
more  sensitive  (Barry  and  others  1978)  and  in  completed 
analyses,  spray  drift  was  detected  at  certain  distant  stations 
by  GLC  and  not  by  the  Kromekote  assay. 

Deposition  and  persistence  of  lindane  (0.5  percent  WP) 
on  pine  bark  with  the  Accutrol  system  was  no  greater  than 
that  obtained  with  the  conventional  system.  In  five  repli- 
cations with  each  system,  2,531  ±  414  p/m  Hndane  was 
deposited  on  bark  with  the  Accutrol  system  compared  with 
2,962  ±  355  p/m  with  the  conventional  system.  At  2 
months  after  treatment,  resuhs  of  GLC  analyses  indicated 
that  about  60  percent  of  the  hndane  applied  by  each  sys- 
tem had  dissipated. 

The  cloth  contamination  tests  were  done  in  Louisiana 
and  Georgia.  Table  26  shows  the  results  of  these  tests.  As 
would  be  expected,  the  amount  chlorpyrifos  rubbed  off  the 
bark  increased  as  the  concentration  appHed  to  the  bark 
increased.  Also,  the  amount  removed  by  rubbing  was  con- 
siderably higher  when  rubbing  was  done  before  the  treated 
bark  had  dried.  This  study  indicated  that  after  chlorpyrifos 
dries,  it  constitutes  no  human  health  hazard  by  contact. 


SOIL  MICROBE  STUDIES 


A.  S.  Jones  and  F.  L.  Hastings 


PROCEDURES 

Microbial  studies  were  conducted  on  (1)  effects  of 
clilorpyrifos  and  fenitrothion  on  soil  microbial  popula- 
tions, (2)  metaboUsm  of  fenitrothion  by  forest  soil  fungi, 
and  (3)  metabolism  of  chlorpyrifos  by  pure  cultures  of 
forest  soil  fungi. 

Effects  on  soil  microbial  populations. —Fhsks  were  pre- 
pared by  mixing  20  g  of  air-dried  soil  with  0,  1 ,  10,  50,  and 
100  p/m  active  ingredient  (a.i.)  of  technical  insecticide  and 
adding  distilled  water  to  bring  the  soils  to  approximately 
field  capacity. 

After  the  mixture  incubated  for  2  or  4  weeks  at  room 
temperature  (approximately  25°  C),  100  ml  of  sterile  dis- 
tilled water  was  added  to  each  flask  and  the  soil  suspen- 
sion stirred  on  a  magnetic  stirrer  for  1 5  minutes.  Using 
sterile  distilled  water,  dilutions  of  1:50,000  were  made  for 
fungi  and  1:500,000  for  bacteria  and  actinomycetes.  For 
each  replicate,  five  plates  each  of  Martin's  Rose-Bengal  Agar 
and  Thornton's  Agar  were  prepared  for  the  fungi  and  bac- 
teria, respectively.  Colonies  were  counted  after  incubation 
at  room  temperature  for  7  days.  In  addition,  a  time-course 
study  was  done  with  one  soO,  sampled  before  and  1,  7,  and 
14  days  after  the  treatment  with  the  various  concentra- 
tions of  chlorpyrifos  and  fenitrothion.  Tliis  study  provided 
!  additional  information  on  stimulation  and/or  depression  of 
bacterial  and  fungal  populations.  Table  27  characterizes  the 
I  soils  used  in  this  study. 

'        Metabolism  of  chlorpyrifos  by  forest  soil  fungi. -For 
the  metabolic  studies,  Erlenmeyer  flasks  containing  50  ml 
of  Czapek-Dox  Broth  (Difco  Lab.,  Detroit,  Mich.,  pH  7.3) 
iwere  autoclaved,  and   2.5  mg  of  ''^C-labeled  chlorpyrifos 
was  added  aseptically  to  each  flask.  Liquid  scintillation 
^counting  (LSC)  of  1  ml  aliquots  established  the  initial  level 
lof  radioactivity  (cpm)  for  each  culture  flask.  Three  repU- 
pate  flasks  were  then  inoculated  with  four  fungi,  Tricho- 
\ierma  harzianum,  Penicillium  multicolor,  P.  vermiculatum, 
and  a  Mucor  sp.  Uninoculated  flasks  served  as  controls. 
After  the  selected  incubation  time,  the  flasks  were  har- 
vested by  homogenization  and  filtration  of  the  myceUum 
onto  a  weighed  filter  paper.  The  culture  filtrate  was  then 
extracted  with  methylene  chloride,  and  the  radioactivity  in 
the  organic  and  aqueous  phases  was  determined  by  LSC. 
Eun-layer    chromatography    (TLC)    and    radiochromato- 
graphic   scanning  were   used   to   locate   and  identify   the 
nsecticide  and  its  metabolites,  using  known  standards  as 
eferences.  Tliis  experimental  procedure  was  repeated  for 
7-,  14-,  and  28-day  incubation  times. 

Aerobic  soil  metabolism  of  fenitrothion  and  chlor- 
pyrifos.—A  soil  sample  was  taken  from  a  loblolly  pine  stand 
)n  the  laboratory  grounds  at  Research  Triangle  Park,  and 
he  percentage  of  moisture  was  determined.  Fifty  g  dry 
weight  of  soil  was  placed  in  each  of  four  Erlenmeyer  fiasks. 


One  flask  was  autoclaved  for  30  minutes,  weighed,  and  the 
moisture  content  readjusted;  after  24  hours,  it  was  re- 
autoclaved  for  60  minutes  to  provide  a  sterile  control  soil. 
The  insecticide  solution  was  prepared  by  dissolving  1 2.5  mg 
of  analytical-grade  insecticide  in  10  ml  of  the  stock  solu- 
tion of  ^'*C-labeled  insecticide,  filtering  the  solution 
througli  a  0.2  n  MOlipore  filter,  and  washing  with  an  addi- 
tional 10  ml  of  95  percent  ethanol.  Four-ml  aUquots  of 
the  resultant  sterile  solution  were  aseptically  pipetted  into 
the  three  remaining  flasks  and  mixed  with  the  soil  to  give  a 
concentration  of  about  10  p/m.  Each  flask  was  "stoppered" 
with  a  trapping  tower  (Marvel  and  others  1978)  and  incu- 
bated at  about  25°C  for  28  days.  The  Drierite®  moisture- 
trapping  layers  were  changed  as  needed,  and  the  Ascarite® 
CO2  trap  was  changed  after  7  days  incubation  and  analyzed 
for  ''*C02  as  described  by  Marvel  and  others  (1978). 

After  28  days  of  incubation,  the  trapping  towers  were 
dismantled  and  analyzed  for  trapped  organic  volatiles  and 
'''CO2,  and  the  soils  were  extracted  with  200  ml  of  ethyl 
acetate.  The  ethyl  acetate  extracts  were  concentrated  to 
25-ml  and  lO-jul  aUquots  counted  by  LSC.  The  soil  was 
sampled  for  bound  residues  by  combusting  duplicate  200- 
mg  subsamples  and  counting  the  '^C02  released.  Gas 
chromatography  of  the  ethyl  acetate  extracts  was  per- 
formed on  a  Tracor  560  with  a  flame  photometric  detector. 

RESULTS 

Effect  on  soil  microbial  populations.  -In  general,  we  saw 
no  adverse  effect  on  either  fungi  or  bacteria  from  concen- 
trations of  fenitrothion  ranging  from  1  to  100  p/m  (table 
28).  The  various  soils  differed  in  the  number  of  micro- 
organisms per  gram  and  in  type  of  effect  seen,  but  only  in 
soil  4  at  100  p/m  was  there  a  significant  reduction  in  popu- 
lation counts.  In  all  other  instances,  the  effect  was  a  stimu- 
lation of  population  counts,  usually  at  10  or  50  p/m.  In 
soil  6,  the  number  of  fungi  increased  with  increasing  con- 
centration from  1  to  50  p/m  and  was  still  elevated  at  100 
p/m. 

Table  29  records  the  effect  of  chlorpyrifos  on  soil 
microbial  populations.  In  soil  2,  numbers  of  fungi  de- 
creased significantly  with  increasing  concentrations  of 
chlorpyrifos,  while  at  1  p/m  a  significant  increase  in  bac- 
terial colonies  was  seen.  In  soils  3,  4,  and  5  the  differences 
were  not  significantly  related  to  the  concentration  of  chlor- 
pyrifos. 

Table  30  shows  populations  of  fungi  isolated  from  a 
single  soil  treated  with  fenitrotliion  and  chlorpyrifos  and 
incubated  for  1,  7,  and  14  days.  Data  on  effects  of  treat- 
ment and  incubation  time  was  subjected  to  analysis  of  vari- 
ance Ftest  and  Duncan's  multiple  range  test. 

For  chlorpyrifos,  the  analysis  of  variance  indicated  that 
incubation  time  was  much  more  significant  than  treatment 


13 


P  =  0.003  and  P  =  0.1679,  respectively).  When  Duncan's 
nultiple  range  test  was  applied  to  data  for  each  day,  only 
he  50-p/m  concentration  of  chlorpyrifos  at  day  7  was  sig- 
lificantly  different  from  the  control.  Examination  of  the 
lata  suggests  that  one  replicate  in  that  series  had  a  very  low 
:olony  count. 

The  analysis  of  variance  for  fenitrothion  showed  a 
mall  treatment  effect  as  well  as  the  strong  incubation  time 
ffect  {P  =  0.0494  and  P  =  0.0003,  respectively).  Duncan's 
nultiple  range  test  applied  to  data  from  each  day  indicated 
hat  at  day  one,  100  p/m  fenitrothion  had  significantly 
ncreased  the  colony  count.  Smaller  increases  seen  at  the 
ower  concentrations  were  not  significantly  different  from 
he  controls.  By  day  14,  the  colony  counts  for  50  and  100 
)/m  were  significantly  lower  than  in  the  control.  However, 
he  mean  colony  count  over  the  14  days  of  incubation  was 
lot  significantly  different  for  any  treatment  (Duncan's 
nultiple  range  test).  This  fact,  coupled  with  the  increases 
een  at  day  1 ,  and  the  lack  of  adverse  effect  in  the  previ- 
)usly  described  studies  with  five  different  soils,  indicates 
hat  fenitrothion  itself  is  not  toxic  to  soil  fungi  at  con- 
entrations  up  to  100  p/m.  The  decline  in  numbers  seen  at 
00  p/m  in  the  time-course  study  at  7  and  14  days  is  more 
irobably  explained  as  a  natural  decUne  in  populations 
aused  by  the  exhaustion  of  available  nutrients  in  the  soil 
ly  tlie  early,  rapid  growth  of  the  population  at  this  concen- 
ration. 

Aerobic  soil  metabolism  of  fenitrothion  and  chlor- 
<yrif OS. —Studies  using  '''C -labeled  fenitrothion  and  chlor- 
lyrifos  in  sterile  and  nonsterile  soil  were  run  to  determine 
/hether  soil  microorganisms  can  metabolize  these  insecti- 
ides  and  to  identify  degradation  products.  In  a  preliminary 
tudy  using  soil  from  the  Research  Triangle  Park  area,  only 
he  parent  compound,  fenitrothion,  was  recovered  after  28 
lays  incubation. 

Another  soil  metabolism  study  using  '''C-labeled  chlor- 
lyrifos  and  fenitrothion  was  established  and  incubated  for 
6  days.  At  the  end  of  the  incubation  period,  the  treatment 
nd  sterile  control  flasks  were  analyzed  for  trapped  vola- 
ilized  insecticides,  '''C -labeled  CO2  produced  by  metab- 
ilism  of  the  insecticide  molecules,  organic  solvent  ex- 
ractable  residues  of  parent  compound  and  metabolites, 


and  unextractable  bound  residues.  Total  recovery  of  radio- 
activity from  the  samples  was  85,  86,  and  81  percent  for 
the  sterile  control  and  the  two  treatment  repHcates,  respec- 
tively. Of  the  applied  radioactivity,  53,  55,  and  55  per- 
cent, respectively,  was  extracted  with  organic  solvent  from 
the  control  and  treatment  replicates,  while  the  soil-bound 
fractions  contained  32,  31,  and  26  percent.  A  trace  of 
radioactivity  was  recovered  as  '''CO2  in  the  treatments 
only,  and  no  radioactivity  was  found  in  the  traps  for  vola- 
tilized insecticides.  TLC  and  LSC  of  the  organic  extracts 
indicated  that  about  46  to  47  percent  of  the  apphed  radio- 
activity was  present  as  parent  compounds  after  56  days  of 
incubation  in  both  control  and  treatment  flasks.  Approxi- 
mately 12  percent  of  the  radioactivity  in  the  organic 
extract  of  the  control  flask  was  found  in  three  breakdown 
products.  Approximately  1 5  percent  of  the  organic  extracts 
from  the  treatment  flasks  was  found  as  breakdown 
products.  Although  the  half-Ufe  of  the  two  insecticides  in 
this  experiment  was  approximately  56  days,  breakdown  ap- 
peared to  be  primarily  the  result  of  chemical  action  as  op- 
posed to  microbial  degradation,  since  the  sterile  control 
showed  similar  disappearance  rates  and  products. 

Metabolism  of  chlorpyrifos  by  forest  soil  fungi. -Table 
31  presents  the  results  of  the  time-course  study  on  the 
metabohsm  of  clilorpyrifos  in  pure  cultures  of  four  soil 
fungi  grown  in  Czapek's  medium.  It  is  difficult  to  draw  any 
conclusions  from  this  experiment  due  to  the  rapid  loss  of 
the  radioactive  label  from  the  system.  A  30  percent  loss  of 
radioactivity  from  all  flasks,  including  the  sterile  controls, 
occurred  after  only  7  days;  by  day  28,  over  70  percent  was 
lost.  This  loss  was  probably  the  result  of  very  rapid  vola- 
tiUzation  of  the  parent  compound,  chlorpyrifos,  from  an 
aqueous  medium  (personal  communication,  Dow  Chemical 
Co.).  TLC  of  the  organic  and  aqueous  extracts  of  the  cul- 
tures after  the  various  incubation  intervals  revealed  only 
chlorpyrifos  in  the  organic  layer  and  only  3,5,  6-trichloro- 
2-pyridinol  in  the  aqueous  layer.  Although  there  appeared 
to  be  more  of  the  water-soluble  product  in  the  Penicillium 
and  Mucor  cultures,  definitive  conclusions  on  the  relative 
importance  of  chemical  and  microbial  degradation  of 
chlorpyrifos  cannot  be  made  until  a  method  is  found  to 
reduce  the  volatility  of  chlorpyrifos  in  an  aerobic  aqueous 
system. 


SOIL  AND  LITTER  MESOFAUNA  STUDIES 
F.  L.  Hastings,  A.  S.  Jones,  and  C.  K.  Franklin 


PROCEDURES 

In  a  field  study,  the  effects  of  lindane  (0.5  percent) 
and  chlorpyrifos-methyl  (0.5  and  1  percent)  on  mesofauna 
in  forest  litter  were  evaluated.  Plots  for  litter  and  soil 
sampling  were  established  in  each  of  the  treatment  and 
control  sites  on  hnes  between  trees  selected  for  the  field 
test.  Fifteen  samples  each  of  forest  floor  (Utter)  and  soil 
from  each  treatment  plot  were  collected  a  week  prior  to  the 
insecticide  spray  to  estabUsh  pretreatment  population  levels 
of  five  categories  of  animals:  (1)  orbatid  mites,  (2)  meso- 
stigmatid  mites,  (3)  trombidiform  mites,  (4)  coUembolans, 
and  (5)  other  arthropods  (e.g.,  ants,  beetle  larvae,  aphids). 

From  the  same  sites,  samples  were  taken  1,  6,  23,  and 
75  weeks  after  treatment  to  monitor  any  population  de- 
creases and  to  track  subsequent  fauna  recovery. 

Samples  were  collected  with  a  brass  ring  3  cm  deep  and 
20  cm'^  in  area.  The  ring  was  placed  on  the  forest  floor  and 
a  cut  made  around  the  outside  edge  down  to  the  mineral 
soil.  The  floor  from  within  the  ring  was  removed  and  placed 
in  a  plastic  bag.  Next,  a  small  block  of  hardwood  was 
placed  on  the  ring  and  tapped  with  a  hammer  until  the  top 
of  the  ring  was  at  the  top  of  the  mineral  soil.  The  ring  and 
enclosed  soil  were  lifted  with  a  squared-off  trowel,  and  the 
approximately  60-cm^  sample  was  placed  in  a  plastic  bag. 
Samples  were  placed  on  modified  Tullgren  funnels  for  7 
days  and  then  ovendried.  The  percentage  of  soil  moisture 
was  calculated  on  an  ovendry  basis.  Invertebrates  driven 
from  the  samples  were  caught  in  alcohol  vials  and  classi- 
fied by  microscopic  examination. 

The  persistence  of  insecticide  residues  associated  with 
mesofaunal  populations  was  also  determined  by  GLC.  Soil 
and  litter  samples  were  homogenized  in  a  Waring®  !)lender, 
and  25-  and  50-g  subsamples  (respectively)  were  extracted 
two  times  with  solvent  (acetone  for  clilorpyrifos-methyl 
and  hexane  for  hndane).  The  extracts  were  concentrated  to 
1  ml  and  analyzed  with  a  Hewlett-Packard®  model  7620 
gas  chromatograph.  Conditions  for  analysis  were: 

Flame-ionization  detector  oven-programed  from  180° 

to  290°  C  at  20°/min  after  an  initial  isothermal  run  of 

1 0  min  for  lindane  and  1 5  min  for  chlorpyrifos-methyl; 


6-ft  by  1/8-in  stainless  steel  column  packed  with  2  per- 
cent OV-17;  injector  temperature  200°  C;  detector 
temperature  300°  C. 

Peaked  areas  were  quantified  by  comparison  to 
standard  curves,  and  retention  times  were  verified  with 
standards  run  during  the  analysis  and  with  spiked  samples. 

RESULTS 

Tables  32  and  33  indicate  changes  in  numbers  of  soil 
ajid  litter  invertebrates  during  75  weeks  after  application  of 
lindane  (0.5  percent)  and  chlorpyrifos-methyl  (0.5  percent 
and  1  percent).  Data  are  expressed  as  number  of  organisms 
per  sample  volume.  Values  are  corrected  for  pretreatment 
levels  and  moisture  content  in  computing  statistical  sig- 
nificance. 

Litter  organisms  were  most  prevalent  and  most  af- 
fected by  insecticidal  treatments.  The  most  sensitive 
organisms  appeared  to  be  the  collembolans,  which  were 
significantly  depressed  {P  -  0.01)  by  both  Hndane  and 
chlorpyrifos-methyl  6  and  23  weeks  after  treatment.  Num- 
bers of  mites  and  other  organisms  were  reduced  for  23 
weeks  after  treatment;  thereafter,  they  returned  to  pre- 
treatment levels.  Interestingly,  these  organisms  appeared  to 
be  affected  to  the  same  extent  by  lindane  and  chlorpyrifos- 
methyl.  This  phenomenon  was  unexpected  because  organo- 
phosphates  are  generally  not  as  persistent  as  organo- 
chlorines.  However,  as  table  34  indicates,  the  0.5  percent 
chlorpyrifos-methyl  was  persistent  for  at  least  5  months  in 
forest  litter. 

Soil  invertebrates  were  not  very  numerous  and,  with 
few  exceptions,  were  not  severely  affected  by  these  insecti- 
cides. Collembolans  appeared  sensitive,  as  in  the  litter,  but 
recovered  by  the  final  sampling  period.  Mesostigmatid 
populations  were  depressed  at  6  weeks  but  were  somewhat 
stimulated  at  23  weeks.  The  residue  data  indicate  that  only 
small  amounts  of  insecticide  actually  passed  through  the 
htter  or  F  layer.  This  fact,  along  with  the  metabolic  poten- 
tial of  soil  microorganisms  in  the  F  layer,  probably  ex- 
plains the  lessened  impact  of  these  insecticides  on  soil 
animals. 
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SELECTIVE  APPLICATION  OF  TOXICANTS 


C.  W.  Berisford  and  U.  E.  Brady 


PROCEDURES 

A  study  was  designed  to  determine  if  SPB  attacks 
Id  be  prevented  by  selectively  applying  toxicants  to:  the 
torn  two  meters,  the  lower  half,  and  top  half  of  tree 
;s.  These  treatments  were  compared  to  entire  bole  treat- 
its  which  had  previously  been  shown  to  be  effective. 

Five  treatment  blocks  were  estabUshed  in  three  in- 
ations  (Clarke,  Morgan,  and  Oglethorpe  Counties,  Ga.) 
ing  September-November,  1979.  Blocks  1,  3,  and  4 
irke  County)  were  located  in  a  40-year-old  stand  of 
:ed  shortleaf  and  loblolly  pines,  predominantly  the 
Tier  (established  September  27  and  October  17  and  18, 
)ectively).  Block  2  (Oglethorpe  County)  was  located  in  a 
year-old  slash  pine  {P.  elliottii  Engelm.)  plantation  (es- 
lished  October  12).  Block  5  (Morgan  County)  was  lo- 
;d  in  a  30-year-old  mixed  loblolly  pine-hardwood  forest 
abhshed  November  7).  Trees  ranged  from  20.5  to  29  cm 
.h.  and  15  to  24  m  total  heiglit  (means  24.6  and  21.2, 
)ectively).  SPB  populations  in  these  stands  were  high. 

Each  block  consisted  of  three  treatments— sprayed 
al  2  m  only,  sprayed  basal  6.6  m  only  (considered  to 
Ibole  of  noncrown  portion),  and  sprayed  full  length, 
ti  an  additional  set  of  unsprayed  trees  as  controls.  Four 
■s  received  each  treatment  within  each  block;  16  trees 

block  and  a  total  of  72  trees  were  treated.  Block  4 
uded  only  the  basal  6.6-m  and  full-length  treatments, 
ated  parts  of  trees  were  sprayed  to  runoff  at  200  to  300 
n^  pressure  with  a  water  emulsion  of  one  of  two  com- 
inds— 0.5  percent  Undane  (used  in  blocks  1  through  4), 
2  percent  chlorpyrifos  (used  in  block  5).  Bark  samples 
e  taken  about  1  day  after  spraying  for  residue  analy- 
0  verify  spray  coverage  and  concentration. 

Alternate  trees  in  each  treatment  were  baited  at  mid- 
t  with  1  ml  of  frontalure  released  from  dispensers  de- 
bed  by  Gammill  and  others  (1978).  Baits  were  re- 
;ed  on  days  1 5  and  30  as  needed. 

A  20-  by  50-cm  screen  trap  coated  with  Stickem 
cial®  was  placed  at  midbole  of  each  tree  to  monitor 
tie  visits.  Traps  and  trees  were  inspected  at  15-day 
;rvals  following  treatment,  and  evidences  of  beetle  at- 
<;  and  estimates  of  SPB  trapped  on  screens  were  re- 
ded. On  day  45,  screens  and  baits  were  removed  from  all 
!s  and   absolute   counts   were   made   of  SPB  trapped. 

On  day  60,  one  tree  from  each  treatment  and  block 
;  felled  and  bark  samples  taken  at  2-m  intervals  along  the 
e  beginning  at  1  m;  Presence  or  absence  of  any  SPB  Ufe 
;e  (parent  adult,  egg,  larval  instar,  pupa,  brood  adult) 

the  success  or  failure  of  attacks  were  noted.  Attacks 
e  recorded  as  successful  if  eggs  were  present  in  parent 
eries. 

When  SPB  activity  began  in  the  spring  of  1980,  a 
)nd  series  of  tests  was  initiated.  Twelve  treated  trees 


were  sprayed  on  April  2  in  a  slash  pine  plantation.  All 
treated  trees  were  sprayed  with  lindane  above  5  m  (mid- 
bole)  up  to  1 1  m  on  the  bole.  Four  untreated  trees  were 
marked  as  checks.  Two  checks  and  two  treated  trees  were 
baited  with  frontalure.  An  additional  six  trees  were  treated 
on  May  2  from  4  to  10  m  above  the  ground.  Three  of  these 
trees  were  baited.  Residue  samples  were  taken  from  all  test 
trees. 

A  final  set  of  tests  was  installed  on  July  14.  Six  trees 
each  were  treated  with  0.5  percent  lindane  on  the  basal 
6  m  (lower  half),  from  5  to  1 1  m  (midbole),  or  the  entire 
bole.  Six  untreated  checks  were  designated.  Alternate  trees 
were  baited  with  frontalure  at  midbole.  No  trees  were 
treated  on  the  basal  1  to  2  m  because  all  previous  tests 
showed  this  treatment  to  be  ineffective. 


RESULTS 


Table  35  presents  the  resuhs  of  the  preventive 
control  tests.  During  1979  only  trees  with  100  percent  bole 
coverage  were  protected,  but  two  of  these  trees  were  at- 
tacked and  one  was  killed.  Subsequent  residue  analysis  indi- 
cated that  this  tree  was  not  sprayed.  Treated  portions  of 
trees  sprayed  on  the  basal  2  and  6.6  m  were  adequately 
protected  (no  attacks  or  gallery  construction),  but  attacks 
above  the  sprayed  areas  resulted  in  tree  mortaUty.  AH 
baited  trees  receiving  less  than  whole-bole  treatments  died. 
About  20  percent  of  the  unbaited  trees  survived,  appar- 
ently because  few  beetles  attacked  them. 

The  results  of  these  prehminary  tests  showed  that 
spray  coverage  higher  than  midbole  was  needed  for  ade- 
quate protection. 

On  the  test  set  up  on  April  2,  1980,  all  checks  were  at- 
tacked and  killed  by  April  28.  AH  treated  trees  (full  height 
and  upper  half)  were  protected  with  one  exception.  Tliis 
tree  had  two  SPB  pitch  tubes  below  the  treated  area  on 
April   28.    It  was  subsequently  mass-attacked  and  killed. 

The  trees  in  this  series  of  tests  were  in  areas  with  high 
SPB  populations.  Twenty-seven  other  unbaited  and  un- 
treated trees  were  killed  in  this  spot  during  May  and  June. 

The  final  tests  of  apphcations  above  and  below  mid- 
bole produced  simUar  results.  AU  untreated  checks  and 
trees  treated  below  midbole  were  killed  and  none  of  those 
treated  above  midbole  or  over  the  entire  bole  was  killed. 
One  above  midbole  treatment  had  an  unsuccessful  attack 
(table  35). 

Analyses  of  residues  showed  deposition  of  lindane  and 
Dursban®  on  the  sprayed  portions  of  trees  to  be  similar 
to  those  in  previous  studies  (Berisford  and  others  1980; 
Brady  and  others  1 980 ;  Mizell  and  others  1 98 1 ). 

Treatment  of  the  basal  2  m,  or  the  lower  half,  of  pine 
boles  provided  little  or  no  protection  from  SPB  attack. 
Treatment  of  the  entire  bole  into  the  lower  portion  (about 


I 


20  percent)  of  the  crown  provides  excellent  control,  as  had 
been  demonstrated  in  previous  tests. 

The  preliminary  data  indicate  that  treatment  of  the 
midbole  area  where  SPB  attacks  are  usually  initiated 
(Coulson  and  others  1976)  gives  good  protection.  Effective 
and  ineffective  treatments  are  shown  in  figure  9.  If  it  proves 
feasible,  utilization  of  this  type  of  treatment  on  an  opera- 

EFFECTIVE    CONTROL 


tional  basis  will  provide  two  benefits:  (1)  It  will  require  less 
insecticide  for  protection  (about  30  percent  less),  thereby 
reducing  costs.  (2)  Because  excessive  runoff  is  reduced  by 
not  treating  the  lower  bole,  contamination  of  the  immedi- 
ate area  and  the  impact  of  the  toxicants  on  nontarget 
organisms  will  be  substantially  reduced. 

INEFFECTIVE  CONTROL 


12  m 


7m 


Figure  9.-Sections  of  bole  sprayed  with  insecticide  to  prevent  SPB  damage. 
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OBSERVATIONS  ON  PHYTOTOXICITY 

F.  L.  Hastings,  A.  S.  Jones,  and  C.  K.  Franklin 


High  levels  (2,  4,  and  8  percent)  of  chlorpyrifos, 
chlorpyrifos-methyl,  and  fenitrothion  were  applied  by 
hydraulic  sprayer  to  the  point  of  runoff  on  loblolly  and 
sliortleaf  pines.  Neither  pine  species  showed  any  phytotoxic 
effect. 

Tlie  following  woody  plants  were  found  in  the  chlor- 
pyrifos and  chlorpyrifos-methyl  plots  in  North  Carolina: 
willow  oak,  Quercus  phellos  L.;  post  oak,  Q.  stellata 
Wangenh.;  northern  red  oak,  Q.  rubra  L.;  sweetgum, 
Liquidambar  styraciflua  L.;  red  maple,  Acer  rubrum  L.; 
flowering  dogwood,  Cornus  florida  L.;  winged  elm,  Ulmus 
alata  Michx.;  eastern  red  cedar,  Juniperus  virginiana  L.; 
common  chokecherry,  Prunus  virginiana  L.;  blackhaw. 
Viburnum  prunifolium  L.;  sourwood,  Oxydendrum 
arboreum  (L.)  DC;  blueberry,  Vaccinium  sp.;  pignut 
hickory,  Carya  glabra  (Mill.)  Sweet;  eastern  persimmon, 
Diospyros  virginiana  L.;  sassafras,  Sassafras  albidum  (Nutt.) 
Nees;  hawthorn,  Crataegus  sp.  The  fenitrothion  plot  con- 
tained a  number  of  these  same  woody  plants  with  the 
exception  of  post  oak,  northern  red  oak,  winged  elm, 
chokecherry,  sassafras,  and  blueberry.  Additional  plants  in 
this  plot  were  white  oak,  Q.  alba  L.;  blackjack  oak,  Q. 
marilandica;  water  oak,  Q.  nigra  L.;  American  elm,  Ulmus 
americana  L.;  and  black  tupelo,  Nyssa  sylvatica  Marsh,  var. 
sylvatica. 

Neither  chlorpyrifos  nor  chlorpyrifos-methyl  killed 
understory  plants  at  either  concentration.  The  only  phyto- 
toxic symptoms  were  leaf  kill  and  dieback  in  twigs  of  blue- 
berry. These   symptoms  were   still  evident  after   1  year. 

The  4  percent  fenitrothion  caused  leaf  damage  to  black 
tupelo,  red  maple,  blackjack  oak,  and  hawthorn.  Damage  to 
the  red  maple  was  most  severe,  but  no  mortality  occurred 
within  12  months  after  spraying.  The  8  percent  concentra- 
tion caused  leaf  damage  to  the  red  maple,  blackjack  oak, 
flowering  dogwood,  sweetgum,  and  pignut  hickory. 

SUMMARY 

Chlorpyrifos  (Dursban  4E)  was  registered  with  the  EPA 
in  February  1979  for  remedial  and  preventive  treatment  of 
pines  to  reduce  damage  and  possible  mortaHty  caused  by 
infestations  of  SPB.  The  insecticide  is  to  be  applied  as  a  1 
percent  aqueous  spray  to  individual  trees  using  suitable 
hand-  or  power-operated  ground  spray  equipment.  The 
hanging-bolt  bioassay  indicated  that  this  concentration  pro- 
tected trees  in  Georgia  from  SPB  attack  and  egg  gallery 
formation  for  4  months.  In  Louisiana,  protection  against 
attack  was  for  3  months,  and  protection  from  egg  gallery 
formation  was  for  7  months.  In  Mississippi,  protection  from 
egg  gallery  formation  lasted  for  approximately  5  months. 

In  studies  of  prevention  of  tree  mortality,  1  percent 
chlorpyrifos  was  equivalent  to  lindane  in  10  study  sites  in 
Mississippi,  which  were  kept  under  continual  attack  for  up 
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to   1   year.  The  results  were  similar  in  Georgia,  although 
beetle  populations  were  lower. 

Remedial  studies  in  which  emergence  cages  or  cans 
were  placed  in  the  laboratory  indicated  1  percent  chlor- 
pyrifos to  be  equal  to  lindane,  or  sUghtly  superior.  In 
studies  where  emergence  was  observed  outdoors,  1  per- 
cent cMorpyrifos  was  significantly  more  effective  than 
lindane  (94  percent  mortality  vs.  61  percent). 

Phytotoxicity  and  human-exposure  safety  data  sup- 
ported this  registration.  Chlorpyrifos  concentrations  of  2, 
4,  and  8  percent  were  shown  to  cause  no  problems  in  south- 
ern pines.  There  was  some  burning  of  understory  vegeta- 
tion; however,  no  mortality  resulted  and  12  months  after 
application  there  was  no  sign  of  damage.  By  wiping  a  cloth 
over  treated  bark,  it  was  shown  that  after  chlorpyrifos 
dries,  it  constitutes  no  human  health  hazard  by  contact. 
This  is  particularly  important  for  home  use. 

Other  safety  data  indicated  that  chlorpyrifos  is  un- 
likely to  be  harmful  to  soil  microbes.  However,  with  one 
soil  which  had  a  high  nitrogen  content,  some  reduction  in 
fungal  propagules  was  observed.  In  this  same  soil,  1  p/m 
chlorpyrifos  stimulated  bacterial  growth. 

In  Georgia,  hanging-bolt  studies  indicated  that  2  per- 
cent fenitrothion  protected  trees  from  attack  and  egg 
gallery  formation  for  at  least  3  months.  The  hanging-bolt 
and  standing-tree  techniques  were  compared  in  Mississippi. 
Two  percent  fenitrothion  appeared  to  be  effective  against 
SPB  for  more  than  6  months.  Efficacy  differences  might  be 
attributed  to  differences  in  beetle  populations  or  weather- 
ing effects.  Residue  studies  indicated  that  fenitrothion  per- 
sisted longer  in  Mississippi  than  in  Georgia.  Because  of  the 
rapid  movement  of  SPB  infestations,  an  insecticide  whh  the 
safety  characteristics  of  fenitrothion,  which  is  effective  for 
3  months,  is  believed  to  be  an  appropriate  substitute  for 
hndane. 

Remedial  studies  in  Georgia,  Mississippi,  and  North 
Carolina  indicated  that  1  percent  fenitrothion  was  superior 
to  lindane  in  reducing  survival  of  beetles  emerging  from 
infested  trees. 

Fenitrothion  caused  no  phytotoxic  effects  in  southern 
pines  sprayed  with  4  percent  and  8  percent  concentrations. 
There  was  some  leaf  damage  to  understory  vegetation,  but 
no  mortality  was  observed  after  1 2  months  in  red  maple, 
the  most  severely  damaged  species. 

In  general,  fenitrothion  caused  no  adverse  effects  to 
either  fungi  or  bacteria  at  concentrations  in  soil  ranging 
from  1  to  100  p/m.  It  did  reduce  fungal  propagules  some- 
what in  one  soil  at  100  p/m,  but  in  many  cases  population 
counts  were  higher. 

A  highly  reproducible,  simple,  and  economical  tech- 
nique (hanging-bolt)  was  developed  for  assessing  preventive 
efficacy  of  insecticides  against  the  SPB.  This  technique  does 
not  require  standing  trees  and  thus  eUminates  the  problems 
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of  spot  dieout  during  a  test  and  of  obtaining  long-term 
commitments  from  landowners.  This  procedure  may  be  use- 
ful for  testing  insecticides  against  a  variety  of  primary  bark 
beetles. 

The  laboratory  acute  toxicity  screening  indicated  that 
17  of  the  29  materials  evaluated  were  more  toxic  than 
lindane  against  the  SPB.  Field  bioassays  showed  that  nine 
of  these  insecticides  could  replace  hndane  as  a  remedial 
control. 

Six  adjuvants  were  tested  for  increasing  persistence  of 
lindane  and  chlorpyrifos  for  a  period  of  9  months.  These 
materials  were  only  slightly  effective.  Plyac  was  the  most 
effective  of  the  six  sticker  materials  tested  with  lindane, 
while  NuFUm®  1 7  was  most  effective  with  chlorpyrifos.  No 
difference  in  deposition  or  persistence  of  lindane  was  found 
when  the  antidrift  foam,  Accutrol,  was  compared  to  con- 
ventional hydraulic  appUcation. 

Chlorpyrifos-methyl  (Reldan®  4E)  was  evaluated  in 
the  same  manner  as  chlorpyrifos  and  fenitrothion  in  Missis- 
sippi and  Georgia.  These  studies  indicated  that  this  insecti- 


cide was  as  effective  as  chlorpyrifos  in  preventive  and 
remedial  SPB  control  procedures.  Lower  concentrations  of 
chlorpyrifos-methyl  were  tested  in  North  Carohna,  and 
results  indicated  that  even  0.5  percent  was  as  effective  as 
lindane  for  2  months  as  a  preventive.  Because  of  its  effi- 
cacy, low  mammalian  toxicity,  and  transient  effects  on 
htter  mesofaunal  populations,  chlorpyrifos-methyl  ap- 
peared to  be  an  excellent  replacement  for  hndane.  Unfor- 
tunately, the  producer  decided  against  the  field  use  of  this 
material. 

Selective  application  of  toxicants  to  different  parts  of 
pine  tree  boles  indicated  that  treatment  of  the  basal  2  m  or 
even  the  lower  half  of  pine  boles  provides  no  protection 
from  SPB  attack.  However,  treatment  of  the  upper  portion 
kOf  the  bole  is  as  effective  as  treatment  of  the  entire  bole. 
Data  indicate  that  upper-bole  treatment  provides  adequate 
protection  with  about  a  30  percent  reduction  in  insecti- 
cide. Such  treatment  can  be  done  at  less  cost  and  it  has  less 
impact  on  nontarget  areas. 
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Table  2. -Analysis  of  variance  of  treatment  effects 


Response  variable 


df 


Sum  of  squares       Mean  square 


Pr>F 


PerDe(148a 

PertDeadb 

PerDeBoC 


41 

10.3735 

0.0405 

6.25 

0.0001 

41 

8.9735 

.0119 

18.34 

.0001 

41 

7.2366 

.1888 

.93 

.5874 

aPercent  mortality  in  beetles  held  for  an  additional  48  hours. 
^Percent  mortahty  of  emerged  beetles,  corrected  for  48-hour  mortality. 
^Percent  mortality  of  beetles  in  the  bolts. 


Table  3.— Percent  SPB  mortality  48  hours  after  treatment  with  various  insecticides 


Insecticide 


Concentration 


MortaUty3  (mean) 


Chlorpyrifos-methyl 

Chlorpyrifos 

Chlorpyrifos-methyl 

Pirimiphos-ethyl 

Chlorpyrifos 

Carbophenothion 

Fenitrothion 

Pirimiphos-methyl 

Fenitrothion 

Permethrin 

Phosmet  (encap) 

Etrimphos 

Permethrin 

Permethrin 

Pirimiphos-methyl 

Permethrin 

Pirimiphos-ethyl 

CliJorpyrifos 

Chlorpyrifos-methyl 

Etrimphos 

Chlorpyrifos-methyl 

Lindane 

Fenitrothion 

Etrimphos 

Carbophenothion 

Pirimiphos-ethyl 

Chlorpyrifos 

Phosmet  (encap) 

Phosmet  (EC) 

Phosmet  (EC) 

Phosmet  (encap) 

Fenitrothion 

Pirimiphos-ethyl 

Pirimiphos-methyl 

Phosmet  (EC) 

Pirimiphos-methyl 

Carbophenothion 

Etrimphos 

Phosmet  (encap) 

Phosmet  (EC) 

Control 

Carbophenothion 


J 

2.0 

-ercem 

100  a 

2.0 

92  ab 

1.0 

83  abc 

2.0 

79  abed 

1.0 

78  abed 

2.0 

75  abcde 

2.0 

69  abcde 

2.0 

68  abcde 

1.0 

68  abcde 

1.0 

63  bcde 

2.0 

63  bcdef 

1.0 

63  bcdef 

.125 

61   bcdef 

.5 

56  cdefg 

1.0 

56  cdefg 

.25 

55  cdefg 

1.0 

55  cdefg 

.50 

52  defg 

.50 

51   defg 

2.0 

50  defg 

.25 

49  defg 

.50 

45  defg 

.50 

45  defgh 

.50 

44  defgh 

1.0 

44  defgh 

.50 

44  defgh 

.25 

43  defgh 

.50 

42  defgh 

.50 

35  efghi 

2.0 

32  defhi 

1.0 

27  fghi 

.25 

27  ghi 

.25 

25  ghi 

.25 

23  ghi 

1.0 

22  ghi 

.50 

20  glii 

.50 

20  ghi 

.25 

14  hi 

.25 

14  hi 

.25 

12  hi 

0 

7  i 

.25 

4  i 

^Percentages  of  mortality  followed  by  a  common  letter  do  not  differ  significantly  at  the  0.05  level  according  to  Duncan's 
multiple  range  test. 
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Table  4.-Total  percent  mortality  of  SPB  after  treatment  with  various  insecticides 


Insecticide 


Concentration 


Mortality^  (mean) 


Chlorpyrifos-methyl 

Fenitrothion 

Chlorpyrifos 

Qilorpyrifos 

Fenitrothion 

Etrimphos 

Chlorpyrifos-methyl 

Pirimiphos-ethyl 

Etrimphos 

Chlorpyrifos 

Phosmet  (encap) 

Pirimiphos-ethyl 

Pirimiphos-methyl 

Fenitrothion 

Etrimphos 

Carbophenothion 

Pirimiphos-metliyl 

Chlorpyrifos-methyl 

Permethrin 

Phosmet  (encap) 

Phosmet  (EC) 

Chlorpyrifos-methyl 

Chlorpyrifos 

Fenitrothion 

Phosmet  (EC) 

Pirimiphos-ethyl 

Phosmet  (encap) 

Permethrin 

Lindane 

Etrimphos 

Carbophenothion 

Permethrin 

Permethrin 

Phosmet  (EC) 

Pirimiphos-methyl 

Pirimiphos-ethyl 

Pirimiphos-methyl 

Phosmet  (EC) 

Phosmet  (encap) 

Carbophenothion 

Carbophenothion 

Control 


Percent 


2.0 

±  crccfK 

97  a 

2.0 

95  a 

2.0 

94  ab 

1.0 

94  ab 

1.0 

92  abc 

2.0 

91   abc 

1.0 

88  abed 

2.0 

86  abcde 

1.0 

84  abcde 

.5 

83  abcdef 

2.0 

81  abcdefg 

I.O 

79  abcdefgh 

2.0 

76  bcdefghi 

.5 

76  cdefghi 

.5 

74  defghi 

2.0 

74  defghi 

1.0 

73  defghij 

.5 

73  defghij 

1.0 

73  defghij 

1.0 

72  defghij 

2.0 

70  defghij 

.25 

67  efghijk 

.25 

67  fghijk 

.25 

66  fghijkl 

1.0 

66  fgliijkJ 

.5 

64  fghijkl 

.5 

61  gliijkl 

.25 

61  hijkl 

.5 

61  hijkl 

.25 

61  hijkl 

1.0 

60  hijklm 

.125 

59  ijkhn 

.5 

58  ijklm 

.5 

58  ijklm 

.25 

51  jklmn 

.25 

48  kimno 

.5 

48  Imno 

.25 

39  mno 

.25 

39  mno 

.5 

31  nop 

.25 

24  op 

0 

21   p 

^Percentages  followed  by  a  common  letter  do  not  differ  significantly  at  the  0.05  level  according  to  Duncan's  multiple  range  test. 
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Table  5.— Mean  length  of  egg  galleries  in  laboratory  forced-attack  bioassay 


Months  after 

treatment 

Treatment 

1 

2 

3 

4 

5 

6 

cm 

Control 

20.75 

57 

97 

88 

34 

215 

0.5%  lindane 

0 

0 

3.5 

7.5 

14.5 

0 

0.5%  chlorpyrifos- 

methyl 

0 

0 

0 

5 

0 

44 

1 .0%  chlorpyrifos- 

methyl 

0 

70 

0 

12.5 

14 

54 

Numbers  are  averages  of  four  replicates. 


Table  6.— Preventive  control  of  successful  SPB  attack  in  field  bioassays  of  three  insecticides,  Georgia 


Months  after  treatment 

Treatment 

0 

2 

4 

6 

Percent 


Lindane 

1%  fenitrothion 

2%  fenitrothion 

2%  carbaryl  (UCSF-2) 

2%  carbaryl  (UCSF-2)a 

2%  carbaryl  (Sevimol  4®)a 

Controlb 


98±ia 

91  ±6 

100 

90  ±  10 

91  ±7 

30  ±36 

68  ±  16 

61  ±30 

96  ±3 

84  ±  13 

96  ±3 

97  ±5 

50  ±34 

— 

— 

— 

90  ±  10 

75  ±26 

— 

— 

61  ±27 

69  ±6 

— 

— 

47  ±  10 

43  ±  10 

123  ±29 

8±4 

^Replicates  applied  2  months  after  initial  carbaryl  application, 
t" Numbers  for  controls  are  actual  numbers  of  attacks. 
Values  shown  are:  100  -  (treated/control  X  100). 


Table  7. -Preventive  control  of  SPB  gallery  production  in  field  bioassays  of  three  insecticides,  Georgia 

Months  after  treatment 

Treatment 

0 

2 

4 

6                        10 

Lindane 

1%  fenitrothion 

2%  fenitrothion 

2%  carbaryl  (UCSF-2) 

2%  carbaryl  (UCSF-2)a 

2%  carbaryl  (Sevimol  4®)a 

Controlb 


Percent 


100 

100 

100 

100 

99  ±1 

93  ±8 

27  ±  51 

50  ±40 

62  ±46 

24  ±21 

0 

0 

82  ±9 

91  ±  16 

81  ±3 

62  ±23 

— 

— 

— 

- 

83  ±  16 

50  ±56 

— 

— 

— 

30  ±7 

48  ±36 

— 

65  ±35 

— 

280 ±  101 

246 ± 108 

262  ±  49 

27  ±27 

487 

3RepUcates  applied  2  months  after  initial  carbaryl  application. 
''Numbers  for  controls  are  actual  lengths  of  egg  galleries  in  centimeters. 

Values  shown  are:  100  -  (treated/control  X  100). 


Table  8.-Pesticide  residues  on  bark  at  indicated  times  after  application,  Georgia 


Treatment 


0-day 


2  months 


4  months 


6  months 


8  months 


1 0  months 


Lindane 

2,521 

382(15) 

f  / 

107(4) 

71(3) 

79(3) 

58(2) 

1%  fenitrothion 

3,474 

1,360(39) 

984(28) 

870(25) 

738(21) 

758(22) 

2%  fenitrothion 

7,050 

3,305  (47) 

1,588(23) 

1,802(26) 

1,280(18) 

1,475(21) 

2%  carbaryl  (UCSF-2) 

3,608 

- 

— 

794  (22) 

<5 

— 

2%  carbaryl  (UCSF-2)a 

4,169 

2,022  (48) 

— 

— 

— 

— 

2%  carbaryl  (Sevimol®)a 

3,227 

1,525(47) 

1 ,292  (40) 

<5 

- 

- 

3 Replicates  applied  2  months  after  initial  carbaryl  application. 
Numbers  in  parentheses  indicate  percent  of  0-day  concentration. 


Table  9.— Numbers  of  SPB  trapped  during  2-week  periods  on  baited  and  sprayed  trees  at  three  sites,  Camden  County, 

Georgia 


Average  number  per  tree 

Site  and  weeks 

Lindane 

Chlorpyrifos 

CUorpyrifos-methyl 

Control 

after  treatment 

0.5% 

1% 

2% 

1% 

2% 

Site  1: 

**» 

2 

12.7 

2.7 

— 

3.3 

0.3 

0 

4 

53.0 

6.0 

L8 

9.5 

3.0 

1.8 

6 

52.0 

4.3 

3.8 

11.5 

2.8 

1.5 

8 

43.5 

6.3 

3.3 

10.3 

1.0 

.3 

10 

12 
14 

12.8 

4.0 

4.5 

19.8 

1.0 

.3 

77.0 

12.0 

7.3 

18.3 

0 

.8 

16 

36.0 

3.3 

.8 

6.8 

.8 

.3 

18 

10.8 

3.5 

1.0 

2.3 

0 

.5 

20 

18.0 

1.3 

.5 

3.8 

0 

.5 

22 

6.0 

2.0 

3.0 

6.0 

.5 

.2 

24 

10.0 

3.0 

.2 

4.0 

1.0 

1.0 

26 

5.0 

7.0 

1.0 

3.0 

0 

1.0 

28 

6.0 

1.0 

.2 

2.0 

.2 

.5 

30 

8.0 

2.0 

2.0 

4.0 

.2 

0 

32 

10.0 

3.0 

.2 

4.0 

.5 

0 

34 

.2 

.5 

.5 

.5 

0 

.5 

36 

2.0 

.2 

0 

.2 

0 

0 

38 

2.0 

1.0 

1.0 

1.0 

0 

0 

40 

0 

0 

0 

0 

0 

0 

42 

0 

0 

0 

0 

0 

0 

44 

0 

0 

1.0 

.2 

0 

0 

46 

0 

0 

.2 

.2 

0 

0 

48 

0 

0 

1.0 

0 

0 

0 

50 

.2 

0 

0 

0 

0 

0 

52 

.5 

0 

.2 

0 

.5 

0 

Site  2 

2 

97.0 

101.3 

13.8 

79.0 

150.8 

33.5 

4 

143.3 

80.0 

12.5 

74.3 

171.8 

43.0 

6 

31.8 

30.0 

14.5 

48.3 

80.0 

23.5 

8 

16.3 

32.0 

10.8 

39.0 

85.5 

25.3 

10 

30.0 

29.0 

28.5 

56.0 

94.5 

15.5 

12 

— 

— 

— 

' 

" 

continued 
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Table  9. -Numbers  of  SPB  trapped  during  2-week  periods  on  baited  and  sprayed  trees  at  three  sites,  Camden  County, 

Georgia,  continued 


Average  number  per  tree 

Site  and  weeks 

Lindane 

Chlorpyrifos 

ClUorpyrifos-methyl 

Control 

after  treatment 

0.5% 

1% 

2% 

1% 

2% 

14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
Site  3: 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 


15.5 
9.0 
6.3 
8.0 
6.0 
15.0 
29.0 
4.0 
4.0 

3.0 
5.0 
3.0 
1.0 
1.0 
1.0 
0 
0 
.2 
.2 

56.5 

366.3 

223.5 

106.5 

20.0 

28.0 

29.0 

13.0 

2.0 

5.0 

6.0 

6.0 

7.0 

3.0 

2.0 

7.0 

.5 

1.0 

1.0 

.2 

1.0 


35.5 
28.8 
12.3 
37.8 
13.0 
24.0 
31.0 
11.0 
5.0 

3.0 

2.0 

1.0 

2.0 

1.0 

1.0 

0 

0 

.2 
1.0 

13.8 

87.8 

22.3 

40.5 

11.0 

9.0 

1.0 

5.0 

1.0 

3.0 

4.0 

1.0 

4.0 

2.0 

1.0 

5.0 

1.0 

.5 

.5 

1.0 

.5 


.2 


46.8 
44.8 
14.8 
54.3 
46.0 
26.0 
12.0 
11.0 
11.0 

5.0 
6.0 
2.0 
3.0 

.2 
2.0 
1.0 
1.0 

.2 
2.0 

136.8 

192.3 

73.3 

113.8 

31.0 

53.0 

18.0 

32.0 

2.0 

11.0 

30.0 

18.0 

33.0 

11.0 

13.0 

11.0 

18.0 

6.0 

2.0 

1.0 

1.0 


73.5 

114.0 

63.0a 

21.5 

12.0a 

9.0 

53.3a 

28.3 

13.0 

16.0 

21.0 

26.0 

22.0 

19.0 

22.0 

21.0 

4.0 

8.0 

4.0 

2.0 

2.0 

1.0 

4.0 

1.0 

3.0 

1.0 

1.0 

.2 

1.0 

1.0 

0 

0 

1.0 

0 

0 

.2 

1.0 

1.0 

24.3 

383.5 

28.3 

936.3 

21.8 

322.3 

32.0 

303.0 

9.0 

75.0 

19.0 

99.0 

16.0 

41.0 

44.0 

43.0 

4.0 

13.0 

8.0 

18.0 

16.0 

38.0 

28.0 

17.0 

26.0 

16.0 

10.0 

8.0 

4.0 

15.0 

5.0 

15.0 

5.0 

2.0 

3.0 

2.0 

.5 

11.0 

1.0 

.2 

1.0 

0 

0 

0 

0 

0 

6.3 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 

C-) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 

122.8 

49.8 

69.5 

28.8 

25.0 

12.0 
9.0 
7.0 
5.0 
3.0 
3.0c 
5.0c 

3  2.0c 
6.0c 
7.0c 
3.0c 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 

(b) 


^One  tree  dead. 
''All  trees  dead. 
'^Three  trees  dead. 
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Table  1 0.-Average  residues  (dry  weight)  on  bark  at  4-month  intervals,  Camden  County,  Georgia 


Site  and  treatment 


0-day 


4  months 


8  months 


2  months 


Site  1: 

0.5%  lindane 

1%  chlorpyrifos 

1%  chJorpyrifos-methyl 

2%  chlorpyrifos 

2%  chlorpyrifos-methyl 

Site  2: 

0.5%  lindane 

1%  chlorpyrifos 

1%  chlorpyrifos-methyl 

2%  chlorpyrifos 

2%  chlorpyrifos-methyl 

Site  3: 

0.5%  lindane 

1%  chlorpyrifos 

1%  chlorpyrifos-methyl 

2%  chlorpyrifos 

2%  chlorpyrifos-methyl 

908 

^/ 

289(32) 

168(18) 

215(24) 

2,598 

1,400(53) 

1,413(54) 

648 (25) 

12,370 

634 (27) 

696 (29) 

623 (26) 

5,027 

2,122(42) 

1,170(23) 

1 ,467  (29) 

5,038 

1,317(26) 

1,779(35) 

1,581  (31) 

1,715 

328(19) 

277(16) 

214(12) 

3,894 

1,830(47) 

1,401  (36) 

897  (23) 

2,605 

999 (38) 

701  (27) 

605  (23) 

7,515 

4,473  (59) 

2,453  (33) 

2,403  (32) 

7,996 

2,557(32) 

2,723  (34) 

2,010(25) 

1,130 

131(12) 

200(18) 

41    (4) 

3,448 

2,077  (60) 

972 (28) 

687  (20) 

2,435 

928(38) 

814(33) 

401  (16) 

7,674 

5,645(74) 

2,307(30) 

1,731  (22) 

3,693 

2,867  (78) 

1 ,073  (29) 

611 (16) 

Numbers  in  parentheses  indicate  percent  of  0-day  concentration. 


Table  1 1  .—Mean  days  after  treatment  to  crown-color  change  in  six  different  treatments  at  10  active  SPB  sites 


Treatment 

Number  of  trees 

Days 

to  color  change^ 

Standard  error 

Control 

40 

81  a 

7.6 

0.5%  lindane 

14 

167  b 

14.2 

1 .0%  chlorpyrifos-methyl 

20 

176b 

11.9 

2.0%  chlorpyrifos-methyl 

19 

162  b 

11.6 

1 .0%  chlorpyrifos 

23 

178  b 

11.0 

2.0%  chlorpyrifos 

17 

182b 

12.9 

1969). 


^Includes  only  treatment  trees  whose  crown  color  changed. 

Means  followed  by  the  same  letter  are  not  significantly  different.  Means  compared  by  Studentized  range  test  (Sokal  and  Rohlf 
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Table  14. -Average  number  of  SPB  trapped  per  month  in  the  preventive  study  for  each  of  four  treatments  and  eiglit 

test  sites  in  Mississippi  during  1978-79 


Site 


Control 


13 
14 
15 
16 
17 
18 
19 
20 


59 
26a 
96 
120 

272 
264 

83 

39a 


Lindane 


1%  fenitrothion 


2%  fenitrothion 


88 

132 

127 

125 

33 

69 

157 

278 

141 

370'o  (5) 

454c (2) 

415 

403 

555C(1) 

274d  (2) 

241 

19ic(2) 

269 

396 

266C  (3,6,4) 

223 

92 

59 

168 

^All  control  trees  dead  with  the  exception  of  three  in  site  14  and  one  in  site  20;  average  time  until  death  was  2.8  months. 
t'Only  one  tree  dead;  time  until  death  was  9  months. 
^Ten  trees  dead; average  time  until  death  was  7.8  months. 
^Only  one  tree  dead;  time  until  death  was  8  months. 

Numbers  in  parentheses  are  month  of  highest  SPB  trap  count  on  individual  trees  which  died  after  insecticide  treatment. 


Table  1 5.— Comparison  of  hanging-bolt  and  standing-tree  teclmiques  for  measuring  preventive  control  of  SPB  by  two 

insecticides,  Mississippi,  by  number  of  months  after  treatment 


Treatment 


Trap  counts 


Bolt 
X±SE 


Standing 
tree 

X±SE 


Activity  in  bolt  bark  samples 


Successful 
attacks/bolt 

X±SE 


Length  of  egg  gaUery 
(cm) 

X±SE 


1%  fenitrothion 
2%  fenitrothion 
Lindane 
Control 


1%  fenitrothion 
2%  fenitrothion 
Lindane 
Control 


1%  fenitrothion 
2%  fenitrothion 
Lindane 
Control 


Zero 

month 

46  ±    4 

321 

5 

101 

2b 

41    4b 

150134 

35  1 

6 

4  + 

.5  b 

0          b 

54±  18 

81 

2 

41 

2b 

0          b 

67  ±28 

101 

2 

741 

17a 

230132  a 

Four  month 

s 

55  ±    2 

391 

6 

141 

4a 

145  1    2  b 

97137 

1361 

30 

61 

1  b 

45  1  23  c 

139133 

4491 

211 

21 

1  b 

29  1    9c 

44133 

Terminated 

131 

4a 

203  1    9  a 

Ten  months 

261    8 

27  1 

8 

151 

2b 

2921    5  b 

431    6 

131 

3 

101 

3b 

161  120  c 

21  1    5 

221 

3 

121 

5b 

85  133  d 

321    5 

Termin 

ated 

421 

6a 

347  1  1 5  a 

Means  followed  by  the  same  letter  do  not  differ  significantly  (P  >  0.05)  in  Duncan's  new  multiple  range  test. 
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Table  16 

.—Remedial  control  of  SPB  by  two  insecticides  in  Georgia  and  South  Carolina 

Treatment 

Average  number  SPB 
per  bolt/ 1, 000  cm^ 

Average 
%  mortality 

Average 
emergence 

Larvae 

Pupae 

Adult 

Larvae 

Pupae 

Adult 

per  bolt 

Control                             51  ±54          13  ±15  17  ±12  18  ±37  39  ±  42  17  ±15  123  ±89 

0.5%  lindane                     49  ±  85            6±    9  29  ±17  8±    9  40  ±  56  69  ±  60  19  ±    4 

0.5%  chlorpyrifos             92  ±  71          36  ±  38  26  ±13  12  ±11  27  ±  27  47  ±  57  127  ±11 

1%  chlorphyrifos              54  ±  75            9  ±13  27  ±19  15  ±19  48  ±  77  71  ±  76  24  ±    8 

2%  chlorpyrifos                22  ±  46            6  ±  10  38  ±16  29  ±  33  62  ±  95  73  ±  26  31  ±  10 

Numbers  are  averages  of  14  replications  ±  1  SD. 


Table  17. -Emergence  and  survival  of  SPB  from  bolts  treated  with  remedial  insecticides  in  August  and  November, 

1978,  Georgia 


Survival 

Treatment  and 
replicate 

Total  SPB 

Mean 
daily 

(hours  after  emergence) 

emergence 

emergence 

24 

48 

72 

.  .  .  Nun 

her  .  .  . 

August   1978 

.  .  Percent  . 

Check: 

1 

491 

6.6 

90.3 

86.3 

88.5 

2 

1,056 

25.1 

98 

95.7 

91 

3 

455 

10.8 

90.5 

88 

78 

4 

457 

10.9 

97 

94.3 

92.5 

Lindane 

1 

83 

2 

54 

34.5 

7.5 

2 

35 

.87 

90 

57.7 

25 

3 

43 

1.03 

36.5 

13 

0 

4 

55 

1.3 

81 

50 

30 

1%  fenitrothion: 

1 

78 

1.83 

10 

8.5 

0 

2 

14 

.33 

3.5 

3.5 

0 

3 

35 

.8 

7.5 

14 

0 

4 

37 

.87 

24.5 

7 

0 

2%  fenit 

rothion: 

1 

53 

1.27 

5 

7 

0 

2 

43 

1.03 

24.5 

3.5 

0       ' 

3 

38 

.9 

6.5 

0 

- 

4 

49 

1.17 

.5 

0 

- 

November   1978 

Check: 

1 

910 

21.66  ±32 

96 

86 

77 

2 

235 

5.57  ±    8 

98 

89 

83 

3 

244 

5.98  ±  15 

94 

88 

80 

4 

165 

3.93  ±    6 

93 

81 

74 

Lindane 

1 

22 

.53  ±    .9 

32 

12 

4 

2 

20 

.47  ±  1 

32 

14 

9 

3 

28 

.69  ±2 

14 

9 

1 

4 

4 

.067  ±  0.5 

100 

100 

100 

1%  fenitrothion: 

i 

1 

.027  10.15 

0 

- 

- 

2 

0 

0 

- 

- 

— 

3 

320 

8.27  ±  12 

1 

.1 

1 

4 

'■ 

183 

4.33  ±    7 

19 

19 

18 

2%  fenit 

rothion: 

1 

10 

.28  ±0.53 

11 

— 

- 

2 

4 

.067  ±  0.62 

0 

- 

- 

3 

23 

.53  ±  1.6 

0 

- 

- 

4 

69 

1.67  ±    3 

19 

7 

7 

30 


Table  J  8. -Emergence  and 

percent  survival  o 

f  SPB  from  infested  test  bolts  treated  wdth  two  insecticides,  Mississippi 

Emergence 

X±SE 

Treatment 

Alive  at 

collection 

(0-24  hours)b 

Survival 

after  24  hours 

(24  ^8  hours)c 

Survival 

X±SEa 

Total 

after  48  hours 
(48-72  hours) 

Percent 


Control 
Lindane 
1%  fenitrothion 


Control 

Lindane 

1%  fenitrothion 

2%  fenitrothion 


249 ±  65 
164 ±  94 
695  ±  583 


176 ±  122 
187±  115 
247  ± 1 39 
292  ±238 


First  14  days 

(7,470)              19.4  ± 

4.6 

3.9  ± 

3.6 

(997)                9.2  ± 

4.1 

.5± 

.3 

(2,084)                7.0  ± 

5.0 

.4± 

.4 

Next  1 7  days 

^<~ 

(527)              36.5  ± 

12.3 

18± 

18 

(561)              16.8  ± 

1.9 

2.4  ± 

1.4 

(772)                9.1  ± 

3.0 

1.7  ± 

1.7 

(876)                8.5  ± 

6.3 

.1  ± 

0.1 

^Three  replications  for  a  total  of  nine  trees  per  treatment,  three  0.5-m  bolts/tree. 
^%  survival  is  average  of  number  alive  v  total  emerged/replication. 
'^24-houi  error  possible  due  to  only  one  check/day. 

Table  19.— Number  of  SPB  before  treatment  and  after  emergence  from  bolts  treated  with  chlorpyrifos,  compared 

with  lindane,  Louisiana 


Treatrrtent 


Total  No.  of 

emerging 

beetles 


Avg.  No.  of  brood/ 

0.09  m^  before 

treatment 


Avg.  No.  of 

emerging  beetles/ 

0.09  m^ 


%  beetles  emerging 

from 

treatments 


Control 
Lindane 
Chlorpyrifos: 

2% 
1% 
0.5% 


9,885 

196 

2,309 

256 

1,565 

263 

1,719 

298 

3,275 

221 

125 
29 

21 
24 
46 


64 
11 

8 

8 

21 


Table  20. -Effect  of  simulated  rain  on  loss  of  lindane  and  chlorpyrifos-methyl  from  pine  bark 


Treatment  and  wash  time 
after  application 


Gallons  water/0.09  m^  of 

%  loss  based  on 

bark  used  as  wash 

nonwashed  controls 

0.33 

17 

1.67 

26 

.33 

0 

1.67 

3 

.33 

30 

1.67 

51 

.33 

0 

1.67 

22 

.33 

36 

1.67 

58 

.33 

34 

1.67 

46 

0.5%  lindane  (EC), 

10  minutes 

10  minutes 

2  hours 

2  hours 
0.5%  lindane  (WP), 

10  minutes 

10  minutes 

2  hours 

2  hours 
1%  chlorpyrifos-methyl  (EC), 

10  minutes 

10  minutes 

2  hours 

2  hours 
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Table  21. -Schedule  for  collecting  cloth  residue  samples  through  surface  contact  with  chlorpyrifos-treated  bark 


Treatment 


No.  of  replications 


1-unit  area^ 


3-unit  area^ 


0.5%  wet 
0.5%  dry 
1  %  wet 
l%dry 
2%  wet 
2%  dry 
Control 


^Unit  area  represents  1  ft^  (0.09  m^  surface  area  contacted. 

Wet -immediately  after  treatment  when  bark  is  still  wet;  Dry -approximately  2  hours  after  treatment  when  bark  has  dried. 


Table  22.— Persistence  of  insecticides  on  bark  of  standing  loblolly  pines 


Treatment 

Initial 
concentra- 
tion 

Months  after  treatment 

1                  2 

4 

6 

8 

10 

12 

15 

p/m 


Percent  of  initial  concentration 


Lindane: 

0.5% 
Chlorpyrifos: 

1% 

2% 
Chlorpyrifos- 
methyl: 

1% 

2% 


745  1266a    46±  10        28  ±    9 


9±    4 


5±    3 


±    7 


5±    5 


5±    4 


6±    2 


1,449  1574      501    3        58131        46  120        37  112       32  114        32  116        29114 


3,19211,110  501    6        59123        44117        33  + 


28  1  13        26  1  10        221    9 


2,374  1431 
4,738  1  824 


47  110        31  1    6        22  1    5        19 1    7        19 1    7        13  i    1 
43+8        28+9        281    2        17  1    7        27 1    6        111    5 


181 

13 

14  1 

2 

91 

2 

81 

2 

a±  1  SD. 

Numbers  reprecent  the  average  of  treatments  made  in  1 975  and  1 976  with  four  replications  of  one  tree/replicate. 

Table  23. -Residue  levels  of  insecticides  at  indicated  times  after  treatment 


Treatment 

0-day 

2  months 

4  months 

6  months 

8  months 

10  months 

PI 

'm 

Lindane 

2,521 

382(15) 

107    (4) 

71    (3) 

79    (3) 

58    (2) 

1%  fenitrothion 

3,474 

1,360(39) 

984  (28) 

870 (25) 

738(21) 

758(22) 

2%  fenitrothion 

7,050 

3,305  (47) 

2,203(31) 

1 ,802  (26) 

1,280(18) 

1,475(21) 

2%  carbaryl  (UCSF-2) 

3,608 

- 

— 

794  (22) 

<5 

— 

2%  carbaryl  (UCSF-2)a 

4,169 

2,022  (48) 

— 

— 

— 

— 

2%  carbaryl  (Sevimol  4®)a 

3,227 

1,525(47) 

1 ,292  (40) 

<5 

- 

- 

a  Replicates  applied  2  months  after  initial  carbaryl  application. 
Numbers  in  parentheses  are  percentages  of  0-day  concentration. 
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Table  24.-Effect  of  adjuvants  on  persistence  of  insecticides  on  bark  of  lobloUy  pines  at  indicated  times 


Insecticide  and  adjuvant 


5%  lindane: 
+  Exhalt® 
+  Nu-Film  17® 
+  Plant  Card® 
+  Plyac® 
+  Stretcher® 
+  Triton® 

-  Control 
1%  chlorpyrifos: 

+  Exhalt® 
+  Nu-Film  1 7® 
+  Plant  Card® 
+  Plyac® 
+  Stretcher® 
+  Triton® 

-  Control 


months 


4  months 


6  months 


,  Percent  of  initial  concentration 


Numbers  are  averages  of  three  replications  with  one  tree/replicate. 


9  months 


31  ±    3 

12±    2 

9± 

1 

9±    1 

37  ±    8 

16±    3 

10± 

1 

7±    2 

39  ±    2 

16±    2 

12± 

2 

7±    2 

36±  15 

25  ±  12 

20  ± 

2 

15±    0 

34  ±    5 

16±    3 

15± 

2 

8±    2 

28  ±    8 

16±    9 

11  ± 

1 

4±    0 

34  ±    0 

10±    1 

9± 

1 

8±    2 

49  ±    3 

,     43  ±17 

40  ± 

18 

22  ±    6 

66±  17 

42  ±  19 

37  ± 

12 

31  ±    7 

51  ±  10 

25  ±    2 

24  ± 

1 

23±  11 

45±  11 

37±  12 

29  ± 

4 

22  ±    2 

67±  12 

37  ±    8 

33  ± 

8 

21  ±    2 

73  ±    9 

45  ±    2 

40  ± 

1 

29  ±    1 

65±  18 

34±  15 

31  ± 

5 

24  ±    1 

Table  25.— Comparative  distribution  of  lindane  downwind  from  each  of  three  spray -deUvery  systems 


Distance  from  source  (meters) 


John  Bean 


Delavan  foam 


Accutrol  foam 


5 

10 
15 
20 
25 
30 
35 
40 
45 
50 


0.02 
11.03 
6.75  ±    8.75 
10.23  ±  10.11 
5.22  ±    3.22 
.78  ± 
.11  ± 
.07  ± 
.04  ± 
.01  ± 


0.65 

0.03 

0.04 

0.003 

0.0004 


IJg  lindane /cm^ 
0.08 
0.59 
13.03  ±8.54 
6.11  ±7.18 
.50  ±0.36 
.15±0.12 
.27  ±0.14 
.22  ±0.24 
.01  ±0.01 
.01  ±0.01 


0.04 

0.07 

12.33  ± 

12.16 

11.66  ± 

16.25 

.35  ± 

0.30 

.10± 

0.10 

.06  ± 

0.05 

.03  ± 

0.02 

.15± 

0.13 

.01  ± 

0.003 

Numbers  are  averages  of  three  repUcations  ±  1  SD  for  distances  from  15  through  40  m,  one  replication  for  5  and  10  m,  and  two 
replications  for  45  and  50  m. 
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Table  26.— Qoth  residue  analysis  for  chlorpyrifos 


'! 


Tr(»atm<*nt 

Louisiana 

Georgia 

Wet 

Dry 

Wet 

Dry 

mg/0.09m^ 

2  percent: 
(1) 

53.2 

1.7 

65.7 

9.9 

(3) 

27.3 

1.0 

59.8 

9.6 

1  percent: 
(1) 

16.4 

1.8 

27.3 

4.0 

(3) 

10.2 

1.4 

13.1 

2.7 

0.5  percent  :a 

(1) 
(3) 

3.6 
1.9 

.9 

.5 

- 

- 

^Averages  based  on  two  replications. 

Wet  samples  rubbed  5  minutes  after  spraying;  dry  samples,  2  hours  after  spraying. 

Numbers  in  parentheses  represent  units  of  area  (0.09  m^ )  of  bark  rubbed  with  cloth.  Residue  is  reported  as  0.09  m^ ;  therefore, 
residue  for  three  units  rubbed  is  not  total  mg  of  residue  in  cloth  sample. 

Table  27.— Characteristics  of  soils  in  studies  on  effect  of  chlorpyrifos  and  fenitrothion  on  soil  microbial  populations 


i: 


SoU  No. 

Carbon 

Organic  mattei 

Total 

nitrogen 

Percent 

p/m 

1 

4.26 

7.33 

1,440 

2 

1.04 

1.78 

4,339 

3 

1.14 

1.97 

435 

4 

1.03 

1.77 

419 

5 

.77 

1.33 

339 

6 

1.84 

3.16 

704 

Table  28. 

-Effect  of  fenitro 

thion 

on  soU  microbial  populations 

Soil  No. 

Mean  ±  SD 

Op/m 

1  p/m 

10  p/m 

50  p/m 

100  p/m 

708bc  ± 

M 

ean  No.  of  fungal 

propagules/g  soil  X  1 0^ 

'average  of  10  replica 

tes) 

2 

251 

968ab  ±  458 

1,072a  ±485 

735bc  ±  132 

642c  ±112        1 

3 

1,317a  ±460 

1,135a  ±  385 

995a  ±  648 

1,302a  ±  278 

1,070a  ±558        ' 

4 

642a    ±328 

515ab  ±  228 

570ab  ±  305 

505ab  ±  110 

335b  ±  165         ' 

5 

428a  ±  128 

588a  ±  200 

507a  ±  248 

505a  ±  240 

590a  ±  278 

6 

322c  ±  205 

562b  ±  238 

792a  ±  232 

910a  ±  202 

800a  ±  165 

Average 

682a  ±  388 

752a  ±  280 

788a  ±  250 

792a  +  332 

692a  ±  265 

Mean  No.  of  bacteria 

/gsoO  X  10^  (averc 

ige  of  12  replicates) 

1 

410b  ±  198 

407b  ±  205 

655ab  ±  252 

745a  ±  505 

448b  ±  185 

2 

795a  ±  722 

442a ±  31& 

448a  ±  355 

935a  ±  1 ,448 

637a  ±  438 

3 

758ab  ±  488 

1,182a  ±  752 

440b  ±  265 

670b  ±  318 

795ab  ±  370 

5 

95b  ±    88 

238ab  ±  155 

132b  ±  102 

132b  ±    57 

380a  ±  280 

6 

162b  ±    58 

148b  ±    62 

230ab  ±  185 

305a  ±  242 

155b  ±  110 

Average 

445a  ±  325 

484a  ±  409 

381a  ±  205 

558a  ±  330 

483a  ±  245 

For  each  soil,  numbers  with  the  same  letters  are  not  significantly  different  in  Duncan's  multiple  range  test  (P  =  0.05). 
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Table  29. -Effect  of  chlorpyrifos  on  soil  microbial  populations 


Soil  No. 

Mean  +  SD 

Op/m 

1  p/m 

10  p/m 

50  p/m 

100  p/m 

Mean  No.  of  fungal  pre 

)pagules/g  soil  X  10^  (average  of  15  replicates) 

2 
3 

5 
Average 

1,120a  ±  468 

1,282a  ±  198 

430ab  ±  250 

544a  ±  453 

628b  ±  260 
1,448a  ±  419 
540ab  ±320 

872a  ±  500 

475bc  ±  188 

1,718a  ±642 

318b  ±  182 

837a  ±  767 

435bc  ±  165 

1,390a  ±  542 

610a  ±  385 

812a  ±  508 

238c  ±    98 
1,410a  ±  518 
400ab  +  260 

682a  ±  635 

Mean  No.  of  bacte 

ria/g  soil  X  10^  (average  of  15  replicates) 

2 
3 
4 
Average 

531b  ±  344 

538a  ±  466 

219ab  ±  107 

420a  ±  175 

1,197a  ±  492 
506a  ±  441 
106b  ±    40 
602a  ±  552 

581ab  ±  518 
697a  ±380 

216ab±  90 
560a  ±  302 

556b  ±  387 
581a  ±  380 
409a  ±  343 
518a  ±    92 

481b  ±  266 
306a  ±  294 
338a  ±  247 
375a  ±    92 

For  each  soil,  numbers  with  the  same  letters  are  not  significantly  different  in  Duncan's  multiple  range  test  (P  =  0.05). 
Table  30.— Effect  of  insecticides  on  mean  numbers  of  soil  fungal  propagules/g  through  time 


Insecticide  and  concentration  (p/m) 


Days  of  incubation 


1 


14 


Fenitrothion: 

0 

1 

10 

50 

100 

Chlorpyrifos: 

0 

1 

10 

50 

100 


675  b 

1,160  a 

1,410  ab 

730  b 

1,160  a 

1,100  be 

810  b 

1,020  a 

1,910  a 

805  b 

1,005  a 

750  c 

1,105  a 

885  a 

645  c 

1,015  d 

965  de 

1,380  d 

1,360  d 

750  ef 

1,275  d 

1,109  d 

1,130  d 

1,420  d 

1,095  d 

495  f 

1,170  d 

1,015  d 

730  ef 

930  d 

^Each  value  is  the  average  of  five  replicates. 

Numbers  with  the  same  letter  do  not  differ  significantly  according  to  Duncan's  multiple  range  test  (P  =  0.05). 

Table  31.— Radioactivity  from  chlorpyrifos-treated  soil  fungus  cultures  after  indicated  times  of  incubation 


Fungus 


7  days 


Organic       Aqueous 


14  days 


Organic       Aqueous 


28  days 


Organic       Aqueous 


Percent 


Control 

Trichoderma  harzianum 
Penicillium  multicolor 
P.  vermiculatum 
Mucor  sp. 


89(61) 

11    (8) 

81 (23) 

19    (5) 

73 (22) 

27    (8) 

85  (58) 

15(10) 

76(27) 

24    (9) 

83    (4) 

17    (1) 

79  (49) 

21(13) 

84  (30) 

16    (6) 

54    (2) 

46    (1) 

84  (54) 

16(10) 

73  (29) 

27(11) 

50    (5) 

50    (5) 

76(51) 

24(16) 

68(10) 

32    (5) 

20    (4) 

80(14) 

Numbers  are  the  average  of  three  replicates.  Those  outside  the  parentheses  are  based  on  recovered  radioactivity.  Those  inside 
parentheses  are  based  on  initial  radioactivity. 
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Table  35.— Efficacy  of  partial  tree-bole  sprays 


Spray  coverage 


Number  of  trees 


Treated 


Attacked 


Killed 


Spray  applied  during  1979^ 


Full  bole 
Below  6.5  m 
Below  2.0  m 
Unsprayed  check 


Full  bole 
Above  5  m 
Below  5  m 
Unsprayed  check 


16 

2 

lb 

16 

15 

15 

12 

12 

12 

12 

12 
Spray  applied  during  1980c 

12 

5 

0 

0 

23^ 

2 

1 

7 

7 

7 

11 

11 

11 

^Trees  were  20  m  in  height;  half  were  sprayed  with  2%  chlorpyrifos,  half  with  0.5%  lindane. 

"Residue  analysis  indicated  this  tree  was  not  sprayed. 

"^Trees  were  17  m  in  height; all  were  sprayed  with  0.5%  lindane. 
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The  use  of  trade,  firm,  or  corporation  names  in  this 
publication  is  for  the  information  and  convenience 
of  the  reader.  Such  use  does  not  constitute  an  offi- 
cial endorsement  or  approval  by  the  U.S.  Depart- 
ment of  Agriculture  or  the  Forest  Service  of  any 
product  or  service  to  the  exclusion  of  others  that 
may  be  suitable. 


This  publication  reports  research  involving  pesticides  It  does  not  contain  recommendations  for  their  use. 
nor  does  it  imply  that  the  uses  discussed  here  have  been  registered  Ail  uses  of  pesticides  must  be  regis- 
tered by  appropriate  State  and/or  Federal  agencies  before  they  can  be  recommended. 

CAUTION:     Pesticides  can  be  injurious  to  humans,   domestic   animals,   desirable   plants,   and   fish  or  other 
'53P   wildlife- -if  they  are  not  handled  or  applied  properly       Use  all  pesticides  selectively  and  carefully       Follow 
recommended  practices  for  the  disposal  of  surplus  pesticides  and  pesticide  containers. 
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The  Forest  Service,  U.S.  De- 
partment of  Agriculture,  is  dedi- 
cated to  the  principle  of  multiple 
use  management  of  the  Nation's 
forest  resources  for  sustained 
yields  of  wood,  water,  forage, 
wildlife,  and  recreation.  Through 
forestry  research,  cooperation 
with  the  States  and  private  forest 
owners,  and  management  of  the 
National  Forests  and  National 
Grasslands,  it  strives — as  di- 
rected by  Congress — to  provide 
increasingly  greater  service  to  a 
growing  Nation. 


USDA  policy  does  not  permit  discrimination  because  of 
race,  color,  national  origin,  sex  or  religion.  Any  person 
who  believes  he  or  she  has  been  discriminated  against  in 
any  USDA-related  activity  should  write  immediately  to 
the  Secretary  of  Agriculture,  Washington,  D.C.  20250. 
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